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ABSTRACT

Infant low birthweight rate in East Baton Rouge Parish is higher compared to the nation.
Cancer is one of the most serious health problems in Louisiana. A few studies have indicated a
relationship between the two health outcomes and their environment, but conclusions from these
studies have not always been consistent. The spatial and temporal scales of the data and the
methods used in these studies contribute to the inconsistent and uncertain results.
The spatial patterns of infant low birthweight and cancer mortality in East Baton Rouge
Parish from 1993 to 1996 and their relationships with environmental factors at three geographic
scales (census blocks, block group, and tract) were investigated. Spatial clusterings of each
health outcome were tested using spatial autocorrelation and correlograms, scan statistic, and
geographic analysis machine.
In searching for the presence of geographical clues for cancer mortality, this study
revealed that male lung cancer exhibited significant positive spatial autocorrelation and there was
geographically distinct cluster of black male lung cancer deaths in the western part of the parish.
Stepwise regression analyses revealed that the spatial dusters were characterized by low per
capita income and high percentage of persons below poverty.
Spatial correlogram results suggested that infant low birthweight have significant positive
spatial autocorrelation at the census tract scale. Both duster detection techniques resulted in the
same spatial clusters, which were centered in the mid-western part of the parish. The dusters
were characterized by low per capita income, high percentage of population below poverty, low
median value house, and low median rent. The logistic regression analysis results show that
infant low birthweight was associated with race, sex of the newborn, age, marital status,
gestation, prenatal visits, multiple birth, and tobacco use.
When comparing across spatial scales, there were no considerable variations of the
geographic area of the most likely dusters of infant low birthweight. For black male lung cancer,
there was a minor variation of the geographic area of the most likely dusters among the two
scales, though the dusters were generally located at the south of the petrochemical
manufacturing corridor along the Mississippi River.
xiii
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CHAPTER 1
INTRODUCTION
The environment includes the biophysical, socioeconomic, and cultural worlds.
Environmentally induced diseases are the outcomes of human interaction with the
environment. Environmental exposure varies geographically in response to variations in
environmental conditions; health outcomes and associated levels of health needs and support
vary as a consequence (Elliott et al. 1992). Therefore, the impact of human activity on the
environment is a major concern in environmental health research and in the risk assessment
process. Human health risk assessment is a complicated problem that involves various social
and physical aspects of environment, different types of data, scale, people, and people's
perception. The purpose of human health risk assessment is to characterize the nature and
extent of potential adverse impacts from chemicals found in soils, air, and/or water at a site.
The risk assessment could also include proximity to infectious agents. The risk assessment
process synthesizes available data on exposure of specified receptors and the toxicity of
chemicals of concern to estimate the associated risk to human health. The steps involved in
the risk assessment are data evaluation, exposure assessment, and toxicity assessment and
risk characterization. The first step, data evaluation, involves review of available site data to
characterize the site, determine potential site-related chemicals of concern, and identify
exposure media and receptor populations. The objective of the exposure assessment is to
estimate the amount, frequency, duration, and routes of human exposure to site-related
chemicals. In the toxicity assessment, available toxicity data are reviewed to identify the nature
and degree of toxicity of the chemicals of concern. Risk characterization is the final step of risk
assessment, where exposure and toxicity information are combined to determine the degree of
potential risks at a site and estimate what levels of chemicals may pose unacceptable risks to
receptors (Kester et al. 1994, pp.37-38).
The studies of possible causative relationships among sickness, disease, death, and
local variations in environmental conditions have an important role in generating hypothesis of
disease causation and support the risk assessment process. Spatial pattern of disease, as a
1
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useful indicator of how humans exist in mutual interaction with the environment, represents one
of the most important aspects of human-health research, and is the focus of this dissertation.
This dissertation examines major cancer death rates and infant low birth weight rates in
East Baton Rouge Parish, Louisiana. It is an ecological study that seeks to identify exposed
populations and understands the role of environmental and other risk factors in the
development of cancers and low birth weight. While the correlations between various health
outcomes and environmental factors are not well established, databases located in different
agencies which can be combined and analyzed in a geographic information system (GIS) to
provide information to the community regarding their health concerns.

1.1 Problem Statement
The need to clarify the possible contribution of preventable or controllable
environmental factors to the health outcomes, low birth weight and cancer in East Baton Rouge
Parish, Louisiana gave the motive to do this research. Newspaper headlines such as
‘Louisiana Male Lung Cancer tops North America’ (The Advocate April 23 1998) and
‘Agencies failed at Grand Bois’ (The Advocate April 21 1998) show how environmental
pollution and its perceived effects on health have captured the attention of the public, the
scientific community, and the media in the state. The tendency for some diseases to ‘cluster*
raised the questions about potential local exposure. In particular, concern about the possible
adverse health effects of living near an environmental hazard has led to public anxiety and
media inquiry.
In terms of reproductive health outcomes, statistics show that infant low birth weight
rate in Louisiana has always been higher compared to the nation and this trend has persisted
as far back as 1985 (Vital Statistics Annual Report 1995, pp. 32-33). The improvement of
surveillance systems to gather information on risk factors on low birth weight pregnancies was
always a necessity in Louisiana. For example, in 1996, Louisiana had the second highest
percentage of low birth weight babies in the nation. 9.9 % of the live births that year, as
compared to 7.4% of the babies bom in the U.S., were low birth weight. East Baton Rouge

2
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parish had a high percentage of low birth weight in the range of 9-10 % of live births that year
(Louisiana Health Report Card 1998, pp.21-22).
In terms of cancer, Louisiana has very high cancer mortality rates, especially in
southern Louisiana where East Baton Rouge Parish is located. Lung cancer mortality rates in
white males in Louisiana are the highest in North America. In Louisiana, 112 men out of
100,000 had lung cancer in 1990-1994. That is 40.9 percent higher than the U.S. rate and 60.5
percent higher than Canada's (The Advocate April 23 1998). Other common cancers in
Louisiana are colorectal (13%), breast (12%) and prostate (9%) (Chen et al. 1990 and 1991;
Groves et al. 1994).
Controversy on whether industry is the culprit for causing all the health problems in
their surrounding regions remains. Many believe that air, water, and land pollution is a major
cause of health outcomes in South Louisiana. A few statistical or descriptive studies have
indicated a relationship between cancer and its environment, but conclusions from these
studies have not always been consistent. Among the many different issues, the spatial and
temporal scales of the data and the methods used in these studies contribute to the
inconsistent and uncertain results. By spatial analysis of cancer mortality and low birth weight
in East Baton Rouge Parish, Louisiana, this dissertation research helps to generate clues on
the possible reasons where and why a certain group of people has an unusually high mortality
and infant low birth weight rates. This study may implicate environmental factors,
socioeconomic factors, or other factors. In Louisiana, very little systematic research for
disease patterns at all appropriate geographic scales, especially fine scale studies such as
census tracts, block groups, and blocks, has been conducted. It is hoped that this study will fill
this gap and contribute to clarify the possible preventable or controllable environmental factors
to two types of health outcomes: infant low birth weight and cancer mortality.

1.2 Scope of the Dissertation
The goals of this dissertation research are: 1) document and reveal as accurately as
possible the spatial patterns and the underlying relationships between environment and the two
types of health outcome: infant low birthweight rates and cancer mortality. 2) apply a set of
3
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useful spatial and non-spatial analytical methods that are integrated with geographic
information systems to examine the relationships between environment and human health
outcomes. 3) reveal the strengths and weaknesses of the various methods and identify the
major factors such as scale that lead to the uncertainties in environmental health research.
The research included a detailed case study of East Baton Rouge Parish, Louisiana.
The following research questions are addressed: Are there significant clusters of cancer
mortality of selected cancer types and infant low birth weight in East Baton Rouge Parish,
Louisiana? How do the findings vary with the spatial and temporal scales of the data, and how
much uncertainties are in the findings? Are the clusters related to environmental factors such
as proximity to National Priority List sites and /or drinking water quality?
A set of spatial analytical methods, including correlogram analysis, cluster detection
techniques and non-spatial analytical methods such as multiple regression and logistic
regression analyses were applied, evaluated, and integrated in a geographic information
system. GIS analysis was also used to model and measure the effects of various factors
contributing to the uncertainties involved in human health risk assessment, such as the effects
of spatial scale, time scale, and data type.
1.3 Research Hypothesis
For the two health outcomes, infant low birthweight and cancer mortality, four research
hypotheses will be explored in this research. The first hypothesis, which utilizes the general
clustering detection techniques for testing, states 1) There are significant spatial clusters of
infant low birthweight (or cancer mortality) in East Baton Rouge Parish. The second
hypothesis, which verifies the spatial clusters if they exist, states: 2) The spatial dusters are
related to major socioeconomic, cultural, and biophysical factors. The third hypothesis, which
utilizes the focused duster detection technique for testing, states: 3) Low birthweight rates (or
cancer mortality) are significantly higher among population living dose to the National Priority
List Sites (ie., Superfund hazardous waste sites). The fourth hypothesis deals with scale
effects, which states: 4) The analysis results change with the spatial scale of the data.
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The methods used for the general clustering detection are; Geographic Analysis
Machine (Openshaw 1988) and Spatial and Space-time Scan Statistic (Kulldorf 1995) cluster
detection techniques. Spatial correlogram analysis was applied to examine the spatial
character and structure of the two health outcomes. These spatial analytical methods were
applied at different geographic scales, including census tracts, block groups, and blocks. The
focused cluster analysis was conducted using Standard Mortality Ratios (SMRs) and the
buffering and proximity functions in geographic information systems. Non-spatial analytical
methods, logistic regression and multiple regression analysis, were applied to determine the
associations between the environmental variables and the spatial clusters. The methods that
test each research hypothesis are further explained in detail in chapter 4.
1.4 Significance and Contributions of the Research
The integration of a set of spatial and non-spatial analytical techniques with geographic
information system technology, as proposed in this dissertation, would provide a convenient
strategy for a thorough evaluation of cancer and infant low birth weight problems in East Baton
Rouge Parish, Louisiana. This research also develops and explores the utilization of
geographic information systems and related methodologies in environmental health research.
It aims at integrating spatial analysis, GIS, and statistics so that these integrated tools can be
used to more accurately assess human health and its relationship with the environment. The
socio-economic data collected from this research and the analyses through the use of GIS
technology will provide useful information on the relationships between cancer mortality, low
birth weight, and the physical as well as social environments.
Moreover, the findings from this dissertation research will increase knowledge about
uncertainties in risk assessment and scale effects, and reveal the strengths and weaknesses of
the various methods in environmental health research. At the same time, the study helps in
identifying data gaps in the health and environmental databases, so that improvements in data
collection could be made to make future monitoring and assessment easier and more effective.
Accordingly, it contributes to policymaking concerning health, environment, and environmental
justice. Through studying the geographical variations in low birth weight and cancer mortality
5
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rates and their relationships with environmental factors and hazardous waste sites, more
refined hypotheses about the etiology of disease could be formulated.

1.5 Organization of the Dissertation
The dissertation comprises seven chapters, including this introductory chapter on the
issue of environmental health research and how this dissertation fits in the bigger picture.
Chapter 2 begins with an overview of medical geography and the use of spatial and
non-spatial methods in analyzing the relationships between health outcomes and environment.
The chapter describes the wide-ranging GIS applications in environmental health research and
explains why they are potentially powerful tools for the analysis of environment and health.
The key problems of uncertainties and inconsistency of analysis results and future directions in
environmental health research are also reviewed.
Chapter 3 focuses on literature review on the two health outcomes studied in this
research, low birth weight and cancer. The intention of this chapter is to reveal facts and
studies related to these two health outcomes in East Baton Rouge Parish and the state of
Louisiana.
Chapter 4, Data and Methods, describes the study area, data sources and methods of
cluster detection, spatial measurement, scale analysis, and the non-spatial statistical methods,
logistic regression and multiple regression statistics. A description of the study area is provided
in this chapter.
Chapter 5 and Chapter 6 present the results of spatial and non-spatial analytical
methods for each health outcome, low birth weight and cancer, respectively. Finally, Chapter 7
summarizes the findings and presents suggestions for future research.
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CHAPTER 2
LITERATURE REVIEW ON METHODS AND USE OF GEOGRAPHIC INFORMATION
SYSTEMS (GIS) IN ENVIRONMENTAL HEALTH RESEARCH
2.1 Introduction
The study of the environment in relation to health is by its nature a spatial problem.
The interest in understanding the environment where people live, experience sickness, and use
health services involves collaboration among public health physicians, epidemiologists,
statisticians, toxicologists, and environmentalists along with medical geographers. Many of the
questions facing them are inherently geographical, and spatial analysis is a vital component of
their work and the focus of this dissertation.
This chapter reviews the use of the various approaches and methods in analyzing the
relationships between health outcomes and environment. Spatial and non-spatial analytical
methods, the uncertainties in environmental health research, and the use of GIS technology
and its potential applications and shortcomings are examined.
Medical Geography studies possible causative relationships among sickness, disease,
death and local variations in environmental conditions (Goodall 1987). It is both an ancient
perspective and a new specialization. The importance of interaction in cultural-environmental
conditions and health was recognized by Hippocrates more than 2,000 years ago (Higginson et
al. 1992). Till this date, Hippocrates' ecological perspective on disease and health kept its
importance. In relationship to geography and health, the environment includes the biophysical,
socioeconomic, and cultural worlds (Howe 1986a). Spatial patterns of disease may serve as
useful indicators of how individuals and groups exist in mutual interaction with the environment
and how regions are structured. This leads medical geography to draw from the concepts and
techniques of other social, physical, and biological sciences. At the same time, traditional as
well as new innovative methods developed in geography, such as GIS and spatial analysis,
could be used to analyze complex health and environment relationships.
Medical geography and Environmental Epidemiology have common interests. Their
interests can be combined under the name of Geographical Epidemiology which is defined as:
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Ihe description of spatial patterns of disease incidence and mortality' (English 1992). While
geography is concerned with spatial patterns and processes generally and includes the spatial
analysis of disease as a subfield, "Medical Geography", Epidemiology is concerned with the
distribution of disease, and includes the study of geographical variation as one particular
component (Mayer 1983).
Environmental Epidemiology is the study of the effect on human health of physical,
biologic, and chemical factors in the external environment (National Research Council 1991).
The two major types of studies environmental epidemiologists conduct are descriptive and
analytic studies. Descriptive studies include disease patterns in populations according to
person, time, and place and include time-series analyses and prevalence studies that analyze
large sets of data. The results from these studies are usually used to generate hypothesis.
These studies include case reports, surveillance systems, analytic studies, ecological studies,
and cluster studies (World Health Organization 1983). A case report is a descriptive study of a
single individual or small group in which the study of an association between an observed
effect and a specific environmental exposure is based on detailed clinical evaluations and
histories of the individuals (Tyler and Last 1991). Surveillance systems identify increases and
decreases in the occurrence of deaths from specific diseases and suggest or test hypotheses
related to environmental exposures. They are used to estimate the incidence and prevalence
of adverse effects, and develop trends to forecast across time and between populations or
geographic areas. The Surveillance, Epidemiology, and End results (SEER) program of the
National Cancer Institute collects cancer incidence and survival data from approximately 10 %
of the US population (National Research Council 1992).
Analytic studies include case-control and cohort studies that are used to test
hypotheses. In case-control studies, comparable series of cases of a disease and similar
healthy individuals (controls) drawn from the same population are investigated to determine
past exposures that could have resulted in the development of the disease (Schlesselman
1982). In cohort studies, specific populations are chosen due to high risk or suspected risk
factors and investigated for the probability of disease occurrence. Comparable series of
8
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exposed and unexposed persons are followed to ascertain the incidence of disease or mortality
caused by disease in association with the exposure (National Research Council 1991).
Ecological studies explore the statistical connection between disease and estimated
exposures in population groups rather than individuals (Greenland 1990). They combine data
from vital records, hospital discharges, disease registries, or estimates of exposure, such as
factory emissions in a given geographic area, proximity to waste sites, or air or water pollution
levels. Unlike case-control studies, ecological studies seldom lead to definite conclusions
about the causes of disease. However, ecological studies are especially suited to forming and
refining hypotheses about aetiology, which in turn provide useful guidelines for case-control
studies. Ecological studies are useful initial steps in investigating possible associations
between environmental agents and occurrence of disease (English 1992).

2.2 Small-Area Ecological Studies
This dissertation is an investigative ecological study that mainly utilizes methods for
small-area ecological studies. Small-area studies refer to studies that require data defined in
fine spatial scale, such as census tracts, blocks, and police districts. Searching for disease
clusters is typical in small-area studies, because studies at coarser levels of aggregation can
miss important local excesses. Here the problems of interpretation are severe, as many
apparent clusters may arise by chance and one needs to determine whether the number of
cases in the clusters are truly in excess of the number expected. Using a fine spatial scale with
a high quality routinely collected morbidity and mortality database will enable the detection of
the underlying relationship between health and environment. Recent advances in computer
technology, geographic information systems, and statistical methodologies make small-area
ecological studies more feasible.
Knox (1989) has defined cluster as 'a geographically bounded group of occurrences of
sufficient size and concentration to be unlikely to have occurred by chance'. The concept of a
general tendency for clustering is meant a more heterogeneous 'dumped' distribution of
disease cases than would be expected from the variation in population density and chance
fluduations (Elliott 1989). Small-area studies related to spatial dustering fall into two
9
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categories. One is general spatial clustering detection without a putative source, and the other
is focused clustering detection around a suspected source. They are described in the following.

2.2.1 Studies of Clusters without a Putative Source
The potential difficulty of interpretation in general cluster detection is that many
apparent clusters may arise by chance. For example, a cluster of multiple myeloma at Thief
River, Minnesota (Kyle 1970) and a cancer cluster in Randolph, Massachusetts (Day et al.
1988) were detected, but their potential sources could not be identified. The public concern in
Randolph, Massachusetts led to a survey of households, with data on cancer supplemented by
records from the town, the state, and the cancer registry. No unusual feature of the cancer
data was identified and no environmental hazard was suspected. On the other hand, Lagakos
et al. (1986) was able to link the excess of childhood leukemia observed in Wobum,
Massachusetts to contaminated well water. The wells were contaminated with
trichloroethylene. tetrachloroethylene, and chloroform. Large pits of buried animal hides,
solvents, and other chemical wastes were discovered, as there was an abandoned lagoon that
was heavily contaminated with lead, arsenic, and other materials. In general, cluster detection
without a putative source serves to intensify the search for a virus or cause related to a disease
and have important implications for aetiology. Alexander et al. (1989) and Glaser (1990)
detected the tendency for Hodgkin’s disease by showing a pattern of clustering without
particular regard to any putative source of clustering. In a later study in Great Britain,
Alexander (1991) and Black et al. (1991) found some evidence that it may be true that a virus
might be related to childhood leukemia, especially at very young ages. Although other
explanations are possible, such as localized variations in environmental exposures, artifacts
relating to local diagnostic, coding, registration practices, population mobility, and variations in
birth rates, clustering without particular regard to any putative source may serve to intensify the
search for a related virus.

2.2.2 Studies of Point Source Pollution
This type of focused cluster detection typically requires a ready access to all cases of
disease in the vicinity of an industrial plant and relates the number of cases to the number
10
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expected for a typical population of the same size and age structure as the area in question.
Often the suspicion of excess in a community leads to an evaluation, and in these
circumstances, the use of statistical hypotheses is invalid. Ideally, a decision to evaluate the
effects of a point source of pollution should be undertaken without prior knowledge of the
disease incidence in the locality. Brown et al. (1984) investigate the effects of a zinc smelter
through this approach. However, the difficulty of how to deal with post hoc reports of disease
excesses in the vicinity of a particular source of pollution is emphasized by numerous studies,
such as the study of excess leukemia around the nuclear reprocessing plant at Sellafield
located in the north-west of England on the coast of West Cumbria (Gardner 1989).
An independent advisory group was commissioned after a 1983 television
documentary that reported an increased incidence of leukemia in children in the village of
Seascale, near the Sellafield reprocessing plant. The report concluded that there was an
increased incidence of lymphoid leukemia in children in the area around Sellafield (Black 1984;
Craft et al. 1984). Gardner and colleagues (1987a) studied the occurrence of leukemia in
children bom to mothers who resided in Seascale. They found excess leukemia mortality that
was limited to children who had been bom in Seascale and did not occur in children who had
been bom elsewhere but attended school in Seascale (Gardner et al. 1987b). A later casecontrol study showed that the excess was in children whose fathers were employed at the
Sellafield reprocessing plant and who had received external occupational exposures. The
authors hypothesized that exposure of fathers to ionizing radiation prior to conception was
related to development of leukemia in their offspring (Gardner et al. 1990a,b). Openshaw et al.
(1988) reanalyzed leukemia cancer data for Northern England using a new methodology called
Geographic Analysis Machine (GAM) to display all the significant cancer clusters. The study
region consisted of the New Castle and Manchester cancer registries and the observed cancer
data for 0 and 15 year olds for the period 1968 to 1985. They concluded that in the region,
some clusters did seem to be sufficiently robust to survive and would therefore require more
detailed nongeographic micro studies to identify the causal agents involved, as well as long
term monitoring to see whether the effects persisted after measures aimed at reducing the
11
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suspected pollution were applied. Baron (1984) examined time trends in standardized mortality
ratios (SMRs) in local areas around 14 British nuclear facilities. Eight of them were powergenerating plants. Scattered instances were found in which rates for particular cancers
increased after the startup of a facility. Forman, Cook-Mozaffari, and colleagues (1987)
published the results of two different studies that examined cancer mortality and incidence in
populations living near nuclear installations in England and Wales. The conclusions were that,
for those under 25 years of age, deaths from lymphoid leukemia and brain tumors were more
frequent around some of the installations. The effect was even stronger for children below 10
years. Viel and Richardson (1990) analyzed data on mortality from leukemia during 1968 to
1986 for persons under 24 years of age who iived near the La Hague, a French reprocessing
plant. No excess leukemia mortality was found.
Enstrom (1983) studied mortality from cancer in Orange, Riverside and San Diego
counties in California. The San Onofre power-generating plant is located in San Diego County.
No effect on overall cancer mortality rates was seen in the three-county area, nor was there
any evidence of increased mortality for persons from leukemia below age 20 in the entire area,
within 25 miles, or within 10 miles of the power plant. Stebbings and Voelz (1981) examined
both mortality and incidence data for Los Alamos County, New Mexico, where the Las Alamos
and Sandia National Laboratories are located. They found a suggestive excess mortality for
leukemia, but there was no parallel increase in leukemia incidence. Clapp and colleagues
(1987) reported an excess incidence of leukemia in five Massachusetts towns near the Pilgrim
nuclear power plant. The excess was greatest for myelogenous leukemia in adult males but
not in females or children. Crump and colleagues (1987) examined the patterns of cancer
incidence in the Denver metropolitan area because of concerns about cancer in relation to the
Rocky Flats facility and possible environmental contamination with plutonium. They concluded
that local area variations in cancer incidence rates could be explained best by closeness to the
center of the city of Denver, an urban factor. After the urban factor was taken into account,
correlations of cancer incidence with proximity to Rocky Flats largely disappeared.
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Najem et al. (1983,1985) conducted ecological studies that related cancer mortality at
the county level in New Jersey to environmental variables such as the location of chemical
toxic waste disposal sites. They found associations with mostly gastrointestinal cancers
(Najem et al. 1983). They also analyzed age-adjusted female reproductive organ and breast
cancer mortality and reported significant positive associations between breast cancer mortality
and proximity to toxic disposal sites among whites in 21 New Jersey counties (Najem and
Greer 1985). At the municipal level, stomach, colon, and rectal cancer clusters were noted
(Najem et al. 1985). The clusters of excess cancer mortality were confined for the most part to
the highly urban and industrial northeastern part of the state, and air pollution and lack of
information on other possible confounders complicated interpretation of the result.
Comparison of cancer deaths from the rural community of Bynum in North Carolina
with those expected for the state as a whole showed a steady increase to 58 percent between
the years of 1980 and 1985 (Osborne et al. 1990). Standardized proportionate mortality ratios
for cancer from 1957 to 1985 were 2.4 to 2.6 times greater than expected. The hypothesized
cause was the consumption of raw river water by residents from 1947 to 1976. The river was
contaminated with pollutants from industrial and agricultural contamination upstream of the
town.
A bladder cancer cluster in males and females was identified between 1978 and 1985
by zip code within Winnebago County, Illinois, that was at risk of ground water contamination
because of the dumping of solid and liquid waste in water supply zones over the last 100
years (Mallin 1990). It was found that one of four public water wells had been closed due to
contamination and two wells within a half mile of a land fill site had cease to operate in 1970.
These studies can be considered as geographical studies that exploit
geographical variation in frequency of disease in an attempt to separate the effects of
environment from the effects of genetic factors. They show that there are many uncertainties
and conclusive statements about environment and cancer have not been reached.
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2.3 Spatial Analytical Methods
A great deal of interesting work has used spatial analytical methods as aids in
understanding disease patterns. Since spatial analysis is the focus of this dissertation, it is
useful to examine various kinds of spatial analytical methods that are applicable to disease
pattern analysis including spatial clustering, spatial filtering and spatial measurement
techniques.

2.3.1 Spatial Clustering Methods
There are many models and methods developed to detect spatial clusters. For each
duster detection method, there is a theory, a measurement tool, and a method of inference
from which a conclusion about the presence or absence of dustering is reached (Kulldorff and
Nagarwalla 1995). Marshall (1991) in his excellent review pointed out that testing for dustering
is generally aimed at tackling two issues. First, is there a general tendency for dustering to
occur and, if so, where? Second, do dusters occur in specific areas? In other words, some
cluster detedion methods test for overall dustering, others aim to identify specific dusters.
In tackling the first issue, the concern is to screen a large region for evidence of
individual ‘hot spots’ of disease without any preconception about their likely locations. The
goal is to identify dusters of areas that merit further investigation and possibly require a more
sophisticated detailed study by statistical (e.g.. case-control) or other sdentific methods that
are impracticable over a very large region. In particular, the method by Besag and Newell
(1991) identifies collections of a given number of cases that appear most likely to be unusual
clusters. In their approach, Besag and Newell (1991) focus on each case and carry out a
significance test to dedde whether that given case is one of a duster of cases by using the
number of nearest neighbor areas, M, required to accumulate K cases in moving outwards from
the case. Local dustering is indicated by small M. The choice of K is arbitrary. A test statistic
measuring the degree of dustering among the cases is given by the number of individual
collections of K neighboring cases with small P- values. Their method is an exploratory tool to
highlight whether dustering is occurring and each individual test examines only the focal
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structure of the pattern. Their null hypothesis states that the observed total number of cases is
distributed entirely at random among the population at risk.
Cluster detection methods can be grouped into distance-based measures and
area-based counts. Examples of cluster detection methods that use distance-based
measurements include the methods by Huel and Lazar’s (1986) and Openshaw (1989). Huel
and Lazar’s (1986) method follows the traditional 'duster analysis’, where the similarity metric
between regions is measured in terms of their proximity, in addition to their health attributes.
Openshaw utilizes the concept of drdes in his exploratory analytical technique, called the
geographical analysis machine (GAM) (Openshaw 1989; Openshaw et al. 1988, 1990). His
method was applied in this dissertation research and a detailed description of GAM analysis is
in Chapter 4. GAM first generates drdes of fixed radius r on each square grid covering the
study region, with spadng so that neighboring drdes overlapped by 0.8r. The number of
disease occurrence (e.g., leukemia) in each drde is counted and their statistical significance is
determined by comparing with the statistics generated from a Monte Carlo simulation. The
procedure is repeated for different values of r. Cirdes that are significant at 0.002 level were
drawn on a map of the region. Although GAM has attracted a lot of critidsms, such as difficulty
in assessing its statistical properties, the method pioneers the use of GIS in disease duster
detedion and demonstrates the need for more exploratory analysis.
Similar techniques have since been developed utilizing the concepts of quadrats or
cirdes. In particular, the Spatial scan statistic by Kulldorf and Nagarwalla (1995), a statistic
modified from Wallenstein (1980), Weinstock (1981), and Openshaw (1989) is also a promising
approach. Wallenstein discussed the use of scan statistic in testing for dustering in time with
particular reference to a reported dustering of spontaneous abortions in New York City.
According to Weinstock, the scan statistic can be used for the testing of dusters of disease in
time and to examine the implications of various assumptions for the significance of a duster of
events. The scan statistic consists of finding the time interval of a predetermined duration,
which contains more cases than any other interval size. Then, through examining the
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appropriate tables, the likelihood of the observed number of cases occurring in the interval by
chance is determined.
Kulldorf and Nagarvaila (1995) employed a new spatial scan statistic to detect and
provide inference for childhood leukemia in Sweden. This method was also used in this study
and a more extensive description of Scan Statistic is covered in Chapter 4. The new multi
dimensional scan statistic differed from Wallenstein and Weinstock’s one-dimensional scan
statistic. Their new Scan Statistic used techniques available through geographical information
systems. They efficiently combined data from mono-disciplinary surveys and integrated by
maps of various data layers, though their statistical algorithms were not yet integrated into the
GIS software. Their scan statistic regards clusters as a point process. It uses a circular
window of variable size that scans the study area to detect clusters without prior knowledge of
their location or geographical size. The spatial scan statistic is based on the likelihood ratio
test. To find the distribution of the test statistic, they generated Monte Carlo replicas of the
data set under the null hypothesis, calculating the test statistic for each replica. Poisson and
Bernoulli based models are used depending on the application. Bernoulli model is used if
counts are 0/1 counts such as sick and healthy individuals at some specific time. Poisson
model is used when the counts are relating to some continuous risk factor.
2.3.2 Spatial Measurement Techniques
Spatial measurement techniques integrated with GIS provide researchers and health
professionals a good overall picture of how different variables are related. Variogram
describes the way in which spatial dependence varies with spatial separation of the
observations. It shows the function between variance and distance of the data. The user can
'disaggregate' the contributions made to the variogram estimates and see which pairs of
observations on the map contribute most to such estimates (Burrogh 1986; Isaaks and
Srivistava 1989). Stemmed primarily from the geostatistics literature, variogram is used in
Kriging, fractal analysis, and lately in examining remote sensing images (Lam 1983; Burrough
1993; Lam and De Cola 1993; Quattrochi et al. 1997).
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Kriging is an interpolation method for estimating the prevalence of a variable of interest
at a given place using data from the surrounding region that incorporates the spatial structure
of the variable. A key property of kriging is that the semivariogram function can be used to
estimate the value of the process at unrecorded places from the neighboring sampling values.
Carrat and Valleron (1992) applied the kriging method to the geographic distribution of an
epidemic of influenza-like illness that occurred during the winter of 1989-1990 in France. They
found that the most characteristic of this method was that it was not constrained by the borders
of geographic units, and sudden transitions between levels of two neighboring areas were
avoided.
Correlogram, a variation of variogram and spatial autocorrelation, shows how spatial
autocorrelation measures change with different distance lags. In chapter 4, correlogram
analysis is explained in detail. Lam et al. (1996) used correlograms to demonstrate effectively
how the AIDS vims spreads through time and space in several regions of United States. They
concluded that correlograms provided an effective and objective means of comparing the
spatial-temporal patterns of AIDS spread among regions and were very much applicable to
other regions and diseases as a standard form of analysis for disease diffusion studies and for
comparison. Another study by Feng (1998) explored spatial-temporal patterns of AIDS. He
used artificial neural network approach for the projection of the AIDS incidence rates in the
U.S. This was a good demonstration of integration of artificial neural networks with GIS to
analyze the spatial distribution of epidemic diseases. He concluded that both projected and
back-projected AIDS cumulative incidence rates were closer to their reported values. He
suggested that the neural networks were successful for estimating the AIDS epidemic in the
U.S. for the period 1982-1993.
/(-Function analysis, which is similar to correlogram analysis is also another spatial
measurement technique. Getis (1984) developed the /(-Function analysis that can be used to
characterize spatial clustering patterns. /(-Function is a second-order analysis to indicate that
the focus is on the variance, or second moment, of interevent distances. It considers all
combinations of pairs of points. It compares the number of observed pairs with the expectation
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at all distances, taking into consideration the density of points, the borders, and the size of the
sample (Getis 1987). The formula for K-Function is the following:

(xN(N-l))
where L(d) is the observed pairs for all distances, A is the size of the study area, N is the
N

AT

n umber of points (e.g. disease occurrence), d is the distance.

is the number

of j points within the distance d of all / points. k(i,j) is the weight, which is estimated by
a) if no edge corrections,
k(i, j) =1 in case d(i, j) < .d
k(i, j) = 0 otherwise
b) if a point / is closer to one boundary than it is to a pointy, the border correction is
employed.

K

where I is the distance to the nearest edge.

c) if a point / is closer to two right angle boundaries than it is to a point j, the weighting
formula is the following:

,) + ~)/(2^r)}
t\ and £2 are the distances to the nearest vertical and horizontal borders respectively.
Chen and Getis (1998) have also written a Point Pattern Analysis (PPA) software
program, which included the K-Function model as one of the analysis routines. The input data
files include X, Y coordinates of points, Z values of points, the distance intervals, and the
number of permutations of point pairs. The user defines the maximum distance. A statistically
unbiased maximum distance is less than the circumradius of the study area, or one-half the
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lesser of the length or the width of a rectangular study area. The program calculates the
distance d(i,j) between all combinations of two points, and calculates k(i,j) for all pairs, and
then calculates the L(d) for all d. The program randomly generates the N points in the whole
study area M times, and get the minimum and maximum of L(d).
As an example of application of K-Function model, the spatial and temporal
distributions of dengue cases reported during a 1991-1992 outbreak in Florida, Puerto Rico
were studied by using GIS methods (Morrison et al.1998). The municipality of Florida is a
small rural community located in the hills of north central Puerto Rico. Dengue fever is a viral
disease transmitted by the mosquito Aedes aegypti and can be spread rapidly in explosive
epidemics. Prevention and control of the disease are dependent on vector control measures
such as eliminating larva habitats or killing adult mosquitoes by volume spraying, because
there is no vaccine available for the disease. The relative contribution of mosquitoes, people,
or both to the dispersal of dengue viruses within a community is poorly understood. Since no
previous study examined the spatial-temporal patterns of the disease, there was a need to
incorporate GIS technologies into a dengue surveillance system. Data were obtained from
Dengue branch at San Juan Laboratories under the body of National Center for Infectious
Disease, Centers for Disease Control and Prevention (CDC)(Gubler et al. 1991). Blood
samples from dengue cases were submitted to this branch. A Dengue Case Information Sheet
(DCI) included data on the home address, age, sex, and date of onset of symptoms of the
patients. Dengue cases were classified as confirmed, probable, or indeterminate. The spatial
clustering K-Function pattern analysis described in this study was carried out for two group of
cases: a combination of laboratory-positive cases and indeterminate cases.
The U.S. Geological Survey (USGS) digital topographic quadrangles (1:20,000) form
layers containing roads, municipality boundaries, hydrography, and topography. These were
used to create map coverages for the municipality of Florida (U.S. Geological Survey 1986).
A polygon coverage containing 2,989 lots for the municipality of Florida was used for statistical
analysis. The average number of persons per housing unit was estimated and used to assign a
population density estimate (persons/house) to each lot for each block in Florida. To identify
19
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possible spatial clusters of reported dengue cases, K-Functions for the pattern of all cases and
laboratory-positive were calculated and contrasted with a K-Function for the distribution of the
population of Florida. The K-Functions were calculated from the distances between all pairs of
cases and all pairs of persons per household, at a series of distance d ranging from 5 to 100 m.
They were represented by a plot of distance (x axis) by values of K(d) (y axis). A direct
comparison of the K-Functions representing susceptible individuals with the K-Function for
dengue cases allows identification of clustering patterns of the disease over and above the
clustering of the entire population. If both cases and population were randomly distributed in
Florida, K(d) would equal to d, and the plot would be a straight line with a positive slope and a y
intercept of zero. Since both cases and population were far more clustered in Florida than
random, their K-Functions lie above the line representing spatial randomness.
The K-Function describes the apparent clustering of the population of Florida (Figure
2.1). As distance increased from each of the lots contained in Florida, the population increased
rapidly over short distances, well above the curve representing randomness. The slope of the
K-Function for all cases of dengue was similar to that of the population beyond 10 m, but at
less than 10 m, the height of the case curve was much greater than the population curve.
Since the minimum distance separating the adjacent lots in Florida is 7 m, the higher K(d)
values observed at 5 and 10 m show that significant clustering of dengue cases occurred within
households.
Fractal analysis is another spatial measurement technique recognized in disease
distribution studies. A fractal is a spatial set that manifests a regular scaling relationship
between the number of its constituent elements and their measure (size, density, and so forth)
(Lam and Cola 1993). Lam et a!.(1993) used fractal analysis to investigate cancer mortality
patterns in China. She found distinctive self-similarity ranges in the cancer mortality patterns
of three leading in China, stomach, esophagus and liver.

2.3.3 Spatial Filtering Technique
Spatial filtering is a non-parametric analysis method which belongs to the field of
exploratory spatial analysis. Spatial filtering relies, to a large degree, on graphical methods of
20
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Figure 2.1. K-Function for the location of laboratory-positive and reported
dengue cases and weighted (persons per household) lots for the
June 1991 -May 1992 transmission season in Florida, Puerto Rico
(Source: Morrison et al. 1998, pp.295-296)
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analysis. The graph of the spatial filtering process is generally a ‘ map* which is a concise
representation of the phenomena studied (Scott 1992; Tukey 1977). Different terms such as
Kernel density estimation (Bithell 1990) and spatial smoothing (Cliff and Haggett 1986) have
been given to this process.
Rushton et al. (1996a) applied spatial filtering technique to analyze the geographic
distribution of birth defect rates in Des Moines, Iowa. His goal was to demonstrate how flexible
methods such as spatial filtering can be used to control the size of the areas over which the
incidence rates will be measured. In the analysis of events in geographic space, presupposing
that events occur spatially close together have similar values, he conceived of a regular lattice
of grid locations from which birth defect rates were computed for overlapping areas. He was
able to compute local birth defect rates at regular grid locations by dividing the number of birth
defects that occurred in the geographical vicinity of a grid location by the total number of births
in the same vicinity. In a regular lattice with points 0.5 miles apart and a 0.4 mile search
radius, each grid point shares approximately 25 percent of its observations with each of its four
immediate neighbors (Figure 2.2).
By experimenting with the data, he determined that a minimum of 40 births were found
at all grid points in the Des Moines area for the 1983-1990 period. Accordingly, 40 births were
set as a minimum for which birth rates were computed at any grid location. Meaningful birth
defect rates were estimated for 394 grid points that included at least 40 births within their
0.4-mile vicinity. These points covered approximately all the urbanized area, Des Moines and
its suburbs. In this area, observed rates varied from a minimum rate of 0 to a maximum rate of
198 per 1000 live births, with a mean rate of 58 per 1000. Outside this area, the density of
births was too small to enable meaningful estimation of local birth defect rates. Birth defect
rates, based on these lattice points, are represented as a continuous distribution by
interpolating values between the grid points. The geographic distribution of birth defect rates in
the area was portrayed as an isarithmic map, the lines of which show locations of equal birth
defect rates. Such maps have many advantages in comparison with other conventional
thematic maps that provide an indication of the level of a disease by area. They are not
22
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Figure 2.2. The regular lattice grid and the spatial filter areas used to measure
birth defect rates in the study area
(Source: Rushton and Lolonis 1996, pp.721-722)
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constrained by the borders of geographic units, and sudden transitions between levels of two
neighboring areas are avoided

(T u r n b u ll

et al. 1990). Isolines display interpolated values for

birth defect rates in increments of20 per thousand. Most geographic information system
software has contouring options and in his study, Rushton has used Gis Plus™ (Caliper
Corporation 1990). Figure 2.3 shows that the darkest line joins locations with estimated birth
defect rates of 100 per thousand.
In another study, Rushton et al. (1995) examined the sensitivity of the spatial patterns
of infant mortality to the spatial filter size. His results concluded that details of spatial pattern
of infant mortality were sensitive to the size of the spatial filter. Increasing the size of the filter
from0.4 to 0.8 and 1.2 mile radius for the same grid points resulted in a spatial pattern with
fewer local high and low rates in the larger region. Large spatial filters show few areas with
high rates. Smaller filters show more, smaller areas, with high rates. The significance of areas
with high rates was determined by Monte Carlo simulations. A Monte Carlo simulation is used
to determine whether each birth location in the 1989-1992 period resulted in an infant death.
One thousand such simulations resulted in 1,000 synthetic maps each of which was examined
using the spatial grid and spatial filter process. For each grid point, out of 1001 infant mortality
rates existed, the first rate is the observed rate and the remaining 1,000 rates are the simulated
rates. For each grid location, the proportion of the simulated rates that were less than the
observed rate was computed. The largest area with significantly high infant mortality rates is
located in the central part of the city of Des Moines where a large area exists in which more
than 75 percent of the simulated infant mortality rates were less than the observed rate.

2.4 Non-Spatial Analytical Methods
Since the 1980's, there has been a rapid expansion in computing capability and the use
of statistical models in environmental health research. There is a wide variety of techniques
ranging from simple chi-square testing for significance to the use of multivariate statistical
analysis. The following is an overview of non-spatial analytical techniques to provide an
understanding of methods of analysis in environmental health research and also reveal the
potential to support the spatial analysis of disease.
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Geographic Distribution
of
Birth Defect Rates
Des M oines, 1983-1990

Figure 2.3. Geographic distribution of birth defect rates, Des Moines, 1983-1990
(Source: Rushton and Lolonis 1996, pp. 722-723)
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Many health related studies use chi-square to test a hypothesis to find if the distribution
is normal (Abramson etal. 1980; Griffiths 1971; Ohno and Aoki 1981). Parametric testing
procedures such as simple correlations, multiple regression and logistic regressions help to
explain pattern. Simple linear regression is used to test how much variation overtime exists.
Multiple regression is used to examine the relationship between several independent variables
and a single dependent variable (Blot et al. 1979). Many researchers used regression methods
to test the proportional hazards by including interactions between covariates (Quigley and
Pessione 1989; Gore et al. 1984; Cox 1972). Pregibon (1980; 1981,1984) and Arjas and
Venzon (1988) discussed tests of the adequacy of a relative risk model and developed logistic
regression diagnostics for evaluating the influence and leverage of individual members of a
risk set. Multiple regression and logistic regression models are further explained in detail in
Chapter 4.
Poisson probability distribution describes the likelihood of the occurrence of rare,
random events, given a mean expectation and a variance. Choynowski (1959) used the
Poisson probability to calculate the probability of a given incidence level in Southern Poland.
Goodness -of-fit tests and Poisson regression also work well in the context of hazard
assumptions (Tsiatis 1980; Lemeshow 1982). The goodness-of-fit test compares the observed
and expected frequencies in each category to test either that all categories contain the same
proportion of values or that each category contains a user-specified proportion of values.
Poisson models are applied to the analyses of age, period and cohort effects (Wickramaratne
et al. 1986; Hoem 1987; and Brillinger 1986).
Poisson regression is mostly used to analyze time to response data from a large
cohort (Clayton 1982). Given the Poisson assumption, an intuitive way of analyzing the data is
to use Poisson regression, with distance from the source as an independent variable. In order
to include age-sex distributions and socioeconomic factors, other covariates can be added.
The simplest model has the form: log 0j

= log E + a + fie + Y.y z + e , where 0i is the

number of observed cases being modeled, log E, is defined as an offset, a is the intercept, x is
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the exposure, Zyz refers to other covariates and e is the Poisson error term. An allowance for
extra-Poisson variability can be made by including in the error structure (e) an additional level
of variability (Breslow 1984). An example of Poisson regression of this type can be found in
Cook-Mozaffari et al.(1989a, 1989b), in the analysis of cancer deaths near nuclear stations.
Lawson (1993) suggests a largely exploratory method for allowing more sophisticated exposure
models by extending the amount of information included in the covariate (Zyz) term, with the
precise location of the cases if known.
Calculating standard incidence ratios (SIRs) is a common practice among health
statisticians. Chiang (1961) suggested using standard error of mortality rates to assess the
significance of a particular rate. Kahn and Sempos (1989) use standard incidence (SIRs) and
mortality ratios (SMRs) to compare the observed numbers of cases by the expected number of
cases. Rates from two separate populations were used to derive the expected number of
cases: state annual mortality rates and state region average annual mortality rates for the same
time period. If the observed number of cases equaled the expected number of cases, the SMR
would equal to 1.0. When SMR was greater than 1.0, more cases were observed than
expected. Statistical significance using 95 % confidence interval was computed. Calculation of
standard mortality ratios is further explained in detail in chapter 4, in the methods section.
To examine the relationship between measures of disease, or a spectrum of diseases,
and a set of explanatory variables, a multivariate method such as canonical correlation can be
used (Briggs and Leonard 1977; Pyle 1979; Meade 1979). This may provide insight regarding
the entire disease profile in an area (Greenberg 1986). Canonical correlation analysis
measures the relationships between a large number of independent variables and a large
number of dependent variables. The canonical correlation for a discriminant function is the
square root of the ratio of the between-groups sum of squares to the total sum of squares.
Squared, it is the proportion of the total variability explained by differences between groups.
By using these analyses, Pyle and Lauer (1975) in Akron, Ohio have found that sets of disease
groups had strong associations with indicators of a poverty syndrome in health status. Babin
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(1986) used canonical correlation, Z scores and factor analysis for his research on cancer
mortality in the United States. He found that occupation was associated with lung cancer.
Several researchers (inaba et al. 1981; Dent et al. 1982; Lam 1986; Pyle 1968) used
factor analysis to map mortality. Factor analysis could explain the differences in levels of
significance when comparing cancer distributions. Factor analysis can also be used to
generate hypotheses regarding causal mechanisms or to screen variables for subsequent
analysis, for example, to identify collinearity prior to a linear regression analysis. The basic
assumption of factor analysis is that the underlying factors can explain the correlations among
a set of variables. Its purpose is to summarize a large number of variables using a smaller
number of factors. A more detailed description of factor analysis can be found in Norusis et
al.(1992). As a different approach, discriminant analysis was tried by Babin (1979).
Discriminant analysis is useful for situations where a model of group membership based on
observed characteristics of each case could be predicted. In other words, it is useful to analyze
the differences between the groups and gives a means to classify any case into the group,
which it most closely resembles. Babin used discriminant analysis to identify if cancer types
were critical to the regions. For liver, prostate, rectal and esophageal cancer types, he found
that the South, the Northeast and the West of United States from 1950 to 1969, came out as
areas of distinctive patterns.

2.5 Key Problems in Environmental Health Research
When considering results from environmental health related studies, it is necessary to
be aware of the problems of interpretation and problems connected with the spatial structure of
the data. The statistical and spatial analytical methods used in geographical correlation studies
are strongly dependent on the scale and the type of geographical variations to be analyzed.
Scale effects, ambiguity in analytical methods, and data limitations are key problems in
environmental health research.

2.5.1 Scale Effects
The increased availability of small-area data (census tract, block group and block level)
combined with available computing power such as geographic information systems have
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reawakened interest in scale effects. The scale effects include both spatial and temporal
effects. An inherent uncertainty in health risk assessment is that since both health and
demographic data are needed to derive rates and that demographic data are mostly defined in
aggregate form, the spatial unit as well as temporal duration of the data become very critical.
Spatial scale plays an important role in the clustering studies. Hypotheses,
assumptions, and associations of geographic phenomena are scale and resolution dependent.
It is argued that associations may or may not exist depending on the scale of analysis and
patterns of association could be different at different scales. It could be an error to infer an
association that is true at one scale to other scales. The applicability of the result from one
scale of analysis to another depends on the nature and the level of aggregation being applied.
To fill the gaps in the scale effects research, analytical tools need to be developed to determine
the nature and extent of the effects that might be encountered in an analysis based on a
certain spatial aggregation pattern (Amrhein and Reynolds 1996).
Investigators have examined cancer and other disease data at international, national,
state, country, urban/rural and local government scales. Bailar and Dunham (1968) created
various types of cancer world maps. International cancer patterns were analyzed by many
researchers with reference to etiology (Davis and Hoel 1990; Howe 1986b; Higginson et al.
1992; Muir et al. 1987; Page et al. 1985; Watertiouse et al. 1982). Early investigations of
cancer incidence and cancer mortality among nations led to clues that genetics and behavioral
correlates such as diet could influence populations to high cancer rates (Dunham and Bailar
1968; Segi and Kurihara 1972). The dietary link to some cancers strengthened by further
studies of cancer rates among foreign and native-born nationals. (Haenszel 1961; Haenszel
and Kurihara 1968; Haenszel and Kurihara and Segi et al.1972; King and Haenszel 1973).
There are studies that compare the rates of a state or a region to another or to the
nation as a whole. For example, in their comparison of New Jersey with other states, Petrone et
al. (1991) and Schneider et al. (1990) would have expected by chance alone, one of the New
Jersey male age-adjusted rates to be higher and one to be lower than male rates for the other
states (90 % confidence). Of the 76 possible comparisons (36 for males and 40 for females),
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seven types of cancer (Brain, bone, leukemia, Lymphoma Hodgkin's , Lymphoma nonHodgkin's, male genital, digestive) rates were significantly higher (P< 0.005) for New Jersey
males than for males in other states. In no instance were New Jersey male rates significantly
lower.
Another common practice has been to make urban and rural comparisons. These
comparison studies suggest findings about the role of ethnicity, occupation, diet, and air
pollution (Haenszel et al. 1956; Greenberg 1983). County level data have been used to
compare cancer rates in counties with major occupational and environmental exposures such
as asbestos due to the location of shipyards to rates in nonexposed counties (Hoover et al.
1975; Blot et al. 1979b) Data at the township, minor civil division (MCD), census tract and
lower than census tract levels have been used to investigate suspected cancer clusters and
relationships to potential environmental pollutants such as water contamination due to landfills
or exposure to air pollution plumes (Heath et al. 1963; Vianna et al. 1972; Burke et al. 1980;
Lagakos et al. 1986).
Investigation at multiple geographic scales provides credible information that can
answer most questions about cancer clusters. Schneider and his colleagues (1993)
systematically examined New Jersey cancer registry data between 1979 and 1985 for
childhood and young adult (0-24 years) cancers at multiple geographic scales. They examined
the data first at the state scale, then by degree of urbanization, county, and MCD levels. If they
had only relied on state-level comparison, they would have determined only that New Jersey
had an increased incidence of childhood and young adult cancers. Instead, their research on
degree of urbanization and county level found no statistically significant patterns of excess
cases. With the third level of surveillance research such as time-space cluster analysis, their
findings suggested that childhood and young adult cancers do cluster statewide, and that
clustering is strongest among white cases in specific age groups with specific cancer types.
They finally examined individual cases and found out that clustering may exist at the MCD
level statewide, and few MCDs have enough cases to support epidemiological studies that
would yield fruitful results. By using the same data with more than one level of scale, they
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have managed to allay some of the public’s concerns about cancer cluster investigations.
They have also proved that given a suitably constructed database, an exploratory spatial
analysis system, with appropriate aggregation and disaggregation of data, could bridge the
conceptual gaps between different levels of scale analysis (Goodchild 1992).
Several researchers, Openshaw and Taylor (1979), Arbia (1995), Amrhein (1995), and
Stell and Holt (1995), each have recognized that the variance of data variables contains key
information relating to the aggregation effects. Their focus is on the change in variance of
variables as the scale is changed. When individuals are aggregated to block group level,
central tendency leveling takes place. There will be less variation among block groups in a
tract than there was among the thousands of individuals. Similarly, there is less variance
among tracts than among block groups, and less among parishes than among tracts. These
changes in variance have little to do with association or cause and effect and a lot to do with
the way we measure and generalize findings. Openshaw and Taylor (1979), and Arbia (1995)
show that as the number of zones become small, the aggregation effects become very large.
In a recent study by Amrhein (1994), eight sets of results were reported for each different
variable in which the original 304 areal units, defined as wards, were aggregated to eight
different scales. He showed that when the number of zones was around 100, the results from
aggregated data were similar to the population results. However, as the number of zones fell
below 100, and especially below 50, aggregation effects became more pronounced.
According to Amrhein and Reynolds(1996), one of the important questions of spatial
process is that as aggregation takes place from one scale to another, there is an implicit
assumption that the spatial process, as captured by the two different scales, is comparable. On
the contrary, Tobler (1991) argues that the spatial processes at different scales are never
comparable, consequently the entire question of aggregation effects is suspicious. Another
approach is that there are critical points in the aggregation process at which the spatial
processes fundamentally change. For example, in a study of commuting flows, an aggregation
that mixes intra-urban and inter-urban mobility(counties into states) could not be compared to
an aggregation that looks only at intra-urban mobility(within counties) (Amrhein 1996).
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Most socio-economic data, whether administrative or census in origin, represent some
level of aggregation. It is more likely that this aggregation effect will confound statistical
analyses (Openshaw and Taylor 1979; Arbia 1989). If there is a diagnostic statistic available to
quickly and easily assess the likely presence of aggregation effects for particular variables, the
analyst could decide whether to abandon the analysis, modify the analysis in some way, or
proceed with the knowledge of possible problems.
Clearly, scale effects define an agenda for future research. Spatial analysts recognize
and appreciate the limitations of the data and foresee the need to develop analytical tools to
determine the nature and extent of the effects based on scale. The importance of correcting
data and developing correction techniques to proceed a rigorous analysis is also very much
recognized. Solecki and Cutter (1995) found that the hypothesis of low income and minority
counties would be disproportionately affected by the problematic chemical releases and that
the spatial scale and resolution is critical for understanding issue of environmental equity.
They suggested more case studies with more sophisticated GIS applications to investigate the
importance of spatial scale. Hills and Alexander (1989) pointed out the need to consider the
limits of the time period, the age group, the diagnostic categories, and the geographical area.
The problem of how to choose an area around the source when little or nothing is known about
the distance scale of any possible effect must be dealt with, and as such, more analyses
utilizing GIS technology to reveal the distance effects are suggested (Gardner 1989). That is
the use of variogram and correlogram.
In this dissertation study, Schneider and his colleagues’s approach (1993) will be
applied. The individual birth and death data of the East Baton Rouge Parish will be analyzed at
more than one scale (Census block, block group, and tracts). The same data will be
aggregated into coarser levels, from block to block group to census tract, and will be
reexamined to determine how the analysis results change with scale.
The temporal scale is particularly important to small area analyses. Since they are
based on smaller populations, fewer cases of cancer per year for each areal unit generally
result. Therefore, several years of data are needed to give stability to the risk estimation.
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When a particular population is very small, such as the number cancer death by block group in
East Baton Rouge Parish in Louisiana, random events could result in enormous fluctuations
and extremes. It is important to aggregate enough data for small populations to stabilize the
fluctuations. How large the temporal duration should be used becomes another arbitrary
decision leading to uncertainty in results.
In this dissertation research, the death and birth data are yearly data from 1993 to
1996. These data will be aggregated over time by adding all four years together to create a
stable population for the time period of 1993-1996. Alternatively, data could also be
aggregated over space by adding enough small units together to create a stable population.
In Louisiana, no systematic study of health for pattern at all appropriate geographic
scale took place. It is hoped that this study will fill this gap and be evidence to prove that
analyses at different scales are revealing. The ultimate goal is to reveal the patterns and
relationships more accurately on infant low birth weight, cancer death, and environmental
factors in East Baton Rouge, Louisiana.

2.5.2 Ambiguity in Analytical Methods
2.5.2.1 Boundary Effects
An environmental health researcher must designate an operational boundary or spatial
limit for the region under study. Specification of the study area boundary influences outcome
of a point pattern analysis. Cells on the boundary will inevitably contain area both inside and
outside the study regions, just like the extent of blocks existed in the proximity zone of
hazardous waste sites. Whether the study should include all blocks (even some of them only
touching a small comer) or only blocks whose centers lie within the proximity zones can also
make a lot of difference in the resultant statistics.

2.5.2.2 Distance Effects
Selecting the proximity zones introduces another major uncertainty in ecological
studies, because it is not certain how to determine the range of distance (e.g., size of circles)
that the presumed source will have impacts on, such as the distance effects of cancer (Hills
1992). For example, the region could be found to have significantly elevated rates in certain
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cancers if the one-mile proximity zone is used, but if the two-mile proximity zone is used, the
results could be reversed, the cancer rates are significantly lower. In tackling with these issues,
researchers usually carry out sensitivity analysis in which varying radii and other geographical
areas are examined.

2.5.2.3 The Dilemma of Clusters Occurring Near a Suspected Source
Before investigating the nature of the association between a health indicator and some
environmental variables, it is useful to assess as a first step the spatial structure of the health
variable alone, which may or may not show a trend or contain outliers. For example, if disease
clusters are found only in regions surrounding the point source of pollution sites, then focusing
on these regions and examining further if other factors, such as the lack of health care, might
have led to high risks represents a valid approach. On the contrary, if disease clusters also
exist in other regions that have no point source of pollution sites, then it could imply that
proximity to pollution sites is not the only factor in increasing health risks, or that pollution sites
has no special adverse effect compared with other possible environmental factors. This
phenomenon occurred in Gardner’s study (1989) where he found that the immediate areas
surrounding a nuclear installation in England have higher rates of leukemia but they are not
unique; other areas without nuclear installations were also found to have higher rates.
Alternative decision rules can be used, these may change the results obtained from the
analysis. In tackling the issue of whether clusters occur near a suspected source, a 'multi
community approach’ can be utilized. In this approach, incidence rates near a suspected
source, in other words, data on individuals with an illness (case) near the suspected source are
compared with similar healthy individuals (controls) at a sample of control areas such as areas
with similar socioeconomic characteristics to determine if the former is significantly higher
(Cook-Mozaffari et al. 1987; Foreman et al. 1987; Neutra 1990). Using geographic information
system methods and census data, the traditional spatial clustering method can be used to
search for communities of similar socio-economic characteristics to be used as control areas.
Without the use of GIS, this approach will be difficult to carry out.
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2.5.3 Availability and Limitations of the Data
In environmental health research, the researcher needs to be aware of the many
sources of error with the neat, published morbidity or mortality statistics. These are numerator
problems, denominator problems, and scale problems. Defining the denominator and
numerator are key factors. The numerator of a rate is composed of events, for example, the
number of deaths or cases of illness from specific diseases. The denominator of a rate
represents the population at risk of an event. Rates calculated are dependent on the accuracy
of the population denominators as well as numerator data, which is typically registration data,
such as cancer registration. In order to have unbiased calculation of rates, the population and
the disease data should refer to the same population, not only in terms of geographic location
(e.g.. without migration).
Conventionally the mid year population is used to balance deaths and births, this is
reasonably accurate if deaths or illnesses occurred evenly throughout the year. Cancer occurs
at different rates in different age groups, and population subgroups defined by gender and race
have different age distributions. Therefore, before a valid comparison can be made between
rates, it is necessary not only to adjust the rates by age but also to standardize the rates to the
age distribution of a standard population.
Population data for U.S. census are usually reliable for the general population,
although they may be less so for certain groups, such as young children and people in poor
inner city areas. The errors can become greater for intercensal population estimates, for
instance ages bom since the last census. Even an excellent census has its undercounts,
overcounts and biases. Studies over long periods of time face administrative boundaries
change periodically in ways that can not be aligned. It is necessary that population
denominators be available for the same geographical boundaries as for the cancer data to be
analyzed. It is desirable also that the data be complete, and accurate. Occasional errors in
data collection or coding may have a disproportionately large effect on small area analyses
based on few cases such as rural and remote areas.
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As mentioned above in the temporal scale discussion, the duration of the data is very
critical for environmental health research. This is particularly important to small area analyses,
because they are often based on small populations with few cases of cancer per year and
therefore several years of data and/or aggregated are needed to give stability to the risk
estimation. Lack of reliable information on confounding variables is frequently an important
limitation. For example, smoking and alcohol drinking are likely to be major confounding
variables for lung cancer and low birth weight but detailed data on these two or other
confounding variables are difficult to find since they are responsible for 80 % of lung cancer in
men in many Western populations (Correa et al. 1983).
Data accuracy is not an absolute, and it depends as much on the state of medical
expertise and the resources put into investigation as on the methods of data collection. It
would be useful to record information that will allow some standardization to take place.
Problems crop up because diagnosis varies over time and space and there is a bias in
diagnosis that result from changes in disease classification overtime. The ICD-9 coding
system is used in this study, mainly because the state health agencies use this classification
(World Health Organization 1977).
Confidentiality of medical data is an issue that the environmental health researcher
should consider. Researchers must be aware of the need to preserve confidentiality in
connection with or during the process of collection, transmission, storage, use and
dissemination of data. It is generally accepted that any items of demographic or medical data
that would permit the identification of an individual person are confidential. They should be
kept secret so that, directly or indirectly, information about an individual is not revealed.
Personal identification data include name, full date of birth or death, and residential address.
However, in certain circumstances, other types of data may enable individuals to be identified,
particularly if they have a rare disease and live in a sparsely populated area (Quinn 1992). For
preserving the rights and confidentiality of individuals, the data are expected by the data
providers to be as disaggregated as possible.
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The completeness and cleanness of environmental data are crucial in disease
ecological studies. The most important aspects of data quality are accuracy, precision, time,
currency, and completeness. Accuracy measure, by how much, and how predictably the data
will be correct. Precision measures the fineness of the scale used to describe the data. Time
indicates at what point or over what period of time the data were collected. Time can often be
a critical factor of data quality. In some cases the suitability of the data will depend on the
season or the year they were collected. Currency measures how recently the data were
collected. Some information may quickly become outdated. For example, the toxic release
inventory (TRI) has several shortcomings: the reports include only annual emission summaries
and no other temporal information; they reflect only those releases that are reported; and they
contain assumptions about corporate veracity in reporting. In addition, they include only
reports of those substances that were believed to be the most hazardous (Tiefenbacher et al.
1997). Most importantly, the records often contain significant inaccuracies. Drinking water
data, well locations, and the populations they serve are also very valuable data sets for disease
ecological studies. Before making any associations, their quality should be checked to see if
there are significant errors.
2.6 The Use of GIS in Environmental Health Research
Mapping disease patterns holds a central place in geography. In 1852 Heinrich
Berghaus published ‘Physikalischer Atlas' which included a number of medical maps and charts
(Berghaus 1852). John Snow (1855) mapped cholera around Broad Street water pump in
London. Jacques May produced a series of world maps of disease and nutrition distributions
between 1950 and 1954. Rodenwaldt and Jusatz edited ‘World Atlas of Epidemic Diseases'
between 1952 and 1961. McGlashan and Bond (1967) first used computer-aided method in
mapping mortality. Hopps (1969) used computer-aided contour maps to study the relationship
between mortality and environmental agents. Pyle mapped Chicago region using trend surface
mapping (1971). Learmonth mapped disease mortality in Australia (1972) by contour mapping.
Armstrong mapped mortality for Hawaii (1972) and proposed the use of standard deviation of
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the distribution of rates for the purpose of dividing the rates into mapping categories
(Armstrong 1969).
However, these maps were simple descriptions of spatial arrangement o f disease and
there were little analysis. Today, modem computer technology such as Geographic
Information Systems (GIS) provides environmental health scientists access to tools that can
combine data from existing registries of environmental toxicants and diseases, and provide
systems that analyze the spatial and temporal relationships between these sets of data.
GIS was initially developed as tools for the storage, retrieval and display of geographic
information. It has been rapidly developed since 1980s, and better integration o f GIS and the
methods of spatial analysis have been suggested (Abler 1987; Goodchild 1987; National
Center for Geographic Information and Analysis 1989; Openshaw 1990; Haining and Wise
1991; Rowlingson et al. 1991).
The potential of GIS in medical research has been recognized by many scholars (De
Savigny and Wijeyaratne 1995; Lam 1986; Openshaw et ai.1987,1988; Scholten et al. 1991;
Twigg 1990; Verhasselt 1993). The value of GIS to environmental health research is in
enhancing quantitative analyses in disease ecology and health care delivery through its
capability to handle large amounts of data (Verhasselt 1993). It has the potential to improve
public health and understand environmental risk (Scholten et al. 1991). GIS has been utilized
to incorporate socio-economic information into the risk assessment process, enabling
environmental and health officials to evaluate the racial, ethnic, and economic characteristics
of those at highest risk (Simons and VanDerslice 1995). Since GIS is capable of integrating
data from various sources, it provides information for effective and appropriate decision
making for medical planning. Researchers can assign geographic codes to small subunits of
data to facilitate analysis of the spatial relationship among variables. The ability to map these
variables is an important feature of GIS, since visually displaying these interrelationships can
lead to etiologic clues.
Reminiscent of John Snow’s discovery of a water pump which originated cholera (Snow
1855), the researchers today are fortunate that they can use GIS to identify the spatial location
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of any known disease outbreak, and, over time, follow its movement as well as changes in
incidence and prevalence. Air and water quality, solar radiation, radon gas levels and other
exposures, potentially harmful to human health can be monitored and brought into GIS and
integrated analytically with other health predictor variables and outcome data. Fitspatrick-lins
et al. (1990) used GIS to explore the radon gas levels for the Piedmont Upland of Fairfax
County in Virginia. Moore (1991) used GIS for air toxic risk assessment to determine the
demands of the California air toxic emissions from a facility. Isopleths of cancer risk were
drawn around the facility. Fandrich (1993) evaluated radon potential and housing issues in
Florida through GIS. Aldrich et al. (1994) evaluated clusters of adverse health outcomes in
Maryland with GIS tools. Health services in every state almost have realized the potential of
geocoding and computerized mapping functions of GIS and they are in the process of using
GIS while conducting their epidemiological research.
GIS is used to assist in better understanding the potential health effects of
environmental pollutants resulted from hazardous waste sites. Increasingly, human health risk
assessment for areas close to hazardous waste sites is an important activity for state and local
officials. Despite inconsistent reports on the effects on human health by nearby hazardous
waste sites (Marr and Moms 1995), people’s perception on their adverse effects are deeply
grounded. Facilities found to have releases but not necessarily requiring federal action have
been identified by the U.S. Environmental Protection Agency (USEPA) on the Superfund list.
Of the 13,000 uncontrolled toxic waste sites in the nation, more than 1200 have been
designated National Priority List (NPL) sites. President Clinton declared through his 1997 state
of the union address that NPL sites are the most serious potential threat to public health and
are eligible for clean up using federal Superfund dollars (President Clinton's 1997's State of the
Union Address). The Agency for Toxic Substances and Disease Registry (ATSDR) has
responded to the President’s 'environmental justice' initiative by characterizing residential
demography within a one-mile radius of these 1200 National Priority sites (Heitgerd 1995).
Many of these sites and their environs are coming under GIS.

39

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Additionally, computer assisted remotely sensed technology provides GIS with
environmental data observation capabilities. Through high-resolution satellite images, existing
landscapes and landcovers can be spectrally classified and statistically correlated with disease
host and vector habitats (Croner et al. 1996). For example, in Lyme disease etiology, forested
areas on well drained loam soils appear as highly correlated habitats for vector Ixodid ticks and
host white-tailed deer (Glass et al. 1995). The National Aeronautics and Space Administration
(NASA) embodies the Center for Health Applications of Aerospace Related Technologies,
which does research on disease vector population dynamics and transmission risk, for
example, tick and mosquito, using remote sensing and GIS (Beck et al. 1995). Also, remotely
sensed data are being used to assess and model catastrophic health events. The extent and
movement of toxic runoff and toxic plums are monitored through remote sensing and GIS to
relate their associated exposures to human health risks. Current GIS studies at the Centers for
Disease Control and Prevention (CDC) and ATSDR are outbreaks of coccidioidomycosis in the
aftermath of the California Northridge Earthquake and arboviral encephalitis following the
floods and hurricanes (Schneider et al. 1994). Global Positioning Systems (GPS) combined
with GIS was also used to identify environmental disease risks in remote and poorly mapped
areas of the world. The location of contaminated drinking water sources associated with
malaria endemic in African villages was ground referenced by GPS (Hightower et al. 1995).

2.7 Limitations of Existing GIS in Environmental Health Research
Although GIS has been identified as an important technology for health studies, as
evidenced by the several national and international conferences recently held to address this
topic (conferences in San Diego in August 1998 and Baltimore in October 1998 and
Washington D.C. 2000), applications of GIS in analyzing the relationships between
environment and health are still very limited. Many factors have contributed to this slow
development. These are data quality, scale and resolution effects, spatial bias, and lack of
more focused and detailed investigation on integration of spatial analytical models and spatial
statistical procedures. Although these issues were discussed to a certain extent in previous
sections, the following highlights the issues that are germane to and reinforced by GIS.
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2.7.1 Data Quality
As mentioned in section 2.5.3. above, great care needs to be taken in terms of the
quality of the data used in GIS. Once the data put into the computer system, error propagates.
There is also a bias that the data is assumed accurate because it is computerized. Since GIS
is capable of integrating data from various sources, these data could contain different levels
and types of error. Besides, overlaying these data to derive new information can generate
more invisible errors. These errors might be related to spatial properties of the data such as
the location of points. The point data may represent, for example, patient addresses or
drinking water wells. The quality of the attributes attached to the feature data could be biased
and the values being mapped might not be accurate.
Many environmental and medical data sets are poorly documented. It is difficult to
check the quality of the data. Fine-scale disease data for small-area ecological studies are
difficult to access, due partly to the privacy and confidentiality concerns. Appropriate
environmental data are equally difficult to obtain, as they may not be collected in the form that
is amenable for medical research such as exposure modeling. Even the environmental and
health
data are available, the preparation and manipulation of different types of data so that they can
be analyzed in a GIS often takes a long time.
2.7.2 Scale and Resolution
The need to employ data in aggregate form is inherently a scale problem that many
other disciplines have encountered. This problem has been reviewed before, in the previous
section 2.5.1. The scale effects that are specific to GIS are briefly discussed in this section.
Data sets tend to have been compiled for large administrative units (Twigg 1990) and
have come from different organizations in a variety of incompatible spatial units (Heywood
1990). All spatial analyses undertaken in a GIS must be earned out at an appropriate and
consistent scale, although defining an appropriate and consistent scale is not easy.
Environmental phenomena often vary over different scales depending upon the context.
Scales of exposure may vary according to the pollutant under consideration. Exposure may
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occur as a rare event at a point, or as long term exposure to relatively low concentrations over
a wide area. Unless the data available match the spatial scale where these variations occur,
then pollution surfaces are defined and any assessment of exposure are likely to be carried out.
GIS users need to understand the spatial limitations of the data available in their GIS.
Using data at insufficient resolution results in analysis error and generates false conclusions.
For example, the zoom function available in GIS allows maps easily to be enlarged. Although
magnifying the data can increase the size at which maps are displayed, it cannot add
information to the original set. GIS data should only be used for applications for which their
scale and resolution are appropriate.
2.7.3 Limitations of Environmental Data Monitoring
Environmental data used for health applications are mostly derived from point
measurements at monitoring stations. To relate this to health outcome requires spatial
interpolation process. There are a number of methods for spatial interpolation of point data in
the GIS environment (Lam 1993). If the original sample points do not represent the study area
as a whole, then the pollution surface generated by interpolation is likely to be unreliable.
Unfortunately, the spatial density of most environmental monitoring networks is too sparse to
display the true degree of variation in the phenomena concerned. Interpolation is likely to
generate biased and unrealistic surfaces, because many pollution monitoring networks are
biased towards certain types of sites, such as highly polluted industrial. They include only
reports of those substances that were believed to be the most hazardous and only annual
emission summaries. No other temporal information are included.
Caution is needed to avoid overly naive use of GIS capabilities. The proper use
requires close collaboration between geographers, epidemiologists, environmental scientists,
spatial statisticians and experts in computing and data base techniques.
2.7.4 Lack of Integration of Spatial Models and Spatial Statistical Procedures
A major impediment to more research in GIS applications to environmental health is
the lack of useful spatial and statistical analytical methods that can be accessible and ready for
use by the research community. Existing GIS capabilities for more sophisticated forms of
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spatial analysis and decision making are limited. This lack of integration of spatial statistical
procedures and spatial models is perceived as a major shortcoming (Openshaw 1990;
Goodchiid 1992; Anselin and Getis 1992; Fischer and Nijkamp 1992). Several authors have
bemoaned the lack of analytical power within contemporary GIS. According to Goodchiid
(1987), the most contemporary GIS place far more emphasis on efficient data input and
retrieval than on sophisticated analysis’. Anselin and Getis argue that GIS vendors do not
provide the analysis in the sense of seeking to model, or even explore patterns and
relationships in the data. For instance, any vector-based system will offer the ability to perform
point-in-polygon overlay operations as an analytical feature. However, it is left to users to
determine what use they will make of counts of various point objects in particular zones.
Existing GIS software has not been able to integrate useful spatial analytical
techniques for analyzing medical phenomena. Several researchers have attempted to
produce useful software for health studies, including Kulldorfs spatial scan statistic (Kulldorf
and Nagarwalla 1995), Jacquez BioMedware (Jacquez 1996), and Getis's point pattern
analysis module (Chen and Getis 1998) and Openshaw’s GAM analysis (Openshaw 1991).
These researchers need to assess the impact of larger data volumes and improved
computational technique on their applicability. Ways to assess the link between environment
and health still needs to be explored. The real world is driven by market concerns and
perceives spatial research tools as limited by the size of the market (Goodchiid 1987). Vendor
community should incorporate a set of spatial analytical modules within their software
products. Some kind of interface or link is needed between statistical package and a GIS.
Either the statistical analysis modules are written into the command language of GIS or a
conventional statistical software package might be adapted to incorporate GIS functions such
as overlay operations. This type of link can be very influential in the medical research since
large amount of variables are used.
The use of GIS in assessment and mapping of environmental exposure, mapping of
health outcome, and the analysis of spatial relationships between environment and health
nevertheless brings a challenge to the research community. Spatial scientists must aim for
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the integration of spatial models into GIS and anticipate the successful marriage of theory and
practice, yielding solutions to problems that were previously thought to be unmanageable.
In the future, GIS will have a profound impact on public health strategies involving
surveillance, risk assessment, analysis, and the control and prevention of human disease.
There is a growing consensus among the academic GIS community that endowing GIS with
spatial analytical functionality is one of the pressing research need of the 1990s. The
traditional methods for displaying data about spatial situations, and for presenting the results of
spatial analyses, need to be renovated in view of the great advances in information processing
technology. Spatial analysts need to help GIS users and providers to understand and to
improve their sets of tools, and to enhance the appropriate levels of theory and modeling
capability in real problem-solving situations (O'kelly 1994).
In this dissertation research, the advantages and disadvantages of some of the existing
spatial analytical methods and approaches will be examined. The evaluation, as well as
integration of a set of spatial analytical techniques with geographic information systems, will be
useful to environmental health research.
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CHAPTER 3
LITERATURE REVIEW ON HEALTH OUTCOMES
The intention of this chapter is to reveal facts about East Baton Rouge Parish and
Louisiana’s standing in the nation in terms of low birth weight and cancer. The chapter also
provides a review on studies that examine how much of the spatial variability in low birth
weight and cancer is explained by environmental factors and individual characteristics.
3.1 Low Birth Weight as a Health Outcome
Term low birth weight is used as health indicator to evaluate health outcomes between
the years of 1993 and 1996 in East Baton Rouge Parish, Louisiana. Low birth weight is a
strong indicator of the health status of a population, with increasing evidence that intrauterine
growth may affect adult health. Low birth weight rate in Louisiana has always been higher
compared to the nation and this trend has persisted as far back as 1985 (Vital Statistics Annual
Report 1995, pp.32-33). Secondly, it is important to examine the literature to provide a
background for the following question: Is low birth weight a result of environmental or social
factors? Although low birth weight is associated with a wide range of biological and social
factors, there is also evidence that other less well-known environmental factors may affect the
growing fetus (Kramer et al. 1992). Several reproductive outcomes, such as birth weight,
premature births, and fertility, are frequently thought to be affected by exposure to complex
chemical mixtures (Bove et al. 1992; Deane et al. 1989; Vianna et al. 1984).
A low birthweight infant is conventionally defined as an infant weighing less than 2500
grams (5 pounds, 8 ounces) at birth (Louisiana Health Report Card 1998, pp.21-23). The
World Health Organization (1994) has observed that Tow birth weight is, universally and in all
population groups, the single most important determinant of the chances of the newborn to
survive and to experience healthy growth and development.* Therefore, the proportion of
newborns weighing less than 2500 grams is a major concern among researchers, health
professionals, and social planners in any community.
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3.2 Individual Maternal Characteristics and Low Birth Weight
In recent years, neither Louisiana nor the nation has shown any significant reduction in
the percentage of infants bom with low birth weight. For example, in 1996, Louisiana had the
second highest percentage of low birth weight babies in the nation. 9.9 % of the live births that
year, as compared to 7.4 % of the babies bom in the U.S., were low birth weight (Figure 3.1).
East Baton Rouge Parish is consistently above the national percentage, and has similar trend
with the state as a whole.
Low birth weight is a major cause of infant mortality, with more than three-quarters of
infant deaths caused by babies being bom too small or too early (Paneth 1995). McCormick,
Shapiro, and Starfield (1980) noted that low birth weight and prematurity are listed as the most
common recurring factors involved in infant mortality. The infant mortality rate is defined as
the number of deaths within the first year of life per 1000 live births (Louisiana Health Report
Card 1998, pp.47-48). Comparing with Louisiana, East Baton Rouge Parish infant mortality
rate fluctuates from one year to another as being slightly higher or lower than Louisiana rates
but consistent with being always higher than the nation (Figure 3.2). Although the trend in
Louisiana reflects a decline in infant mortality rates over the past several decades, the rate is
still high compared to the national infant mortality rate. The state mortality rate has been at
least 20% greater than the national rate since 1992 (National Center for Health Statistics 1997).
Low birth weight infants are more likely to have brain damage, lung and liver disease,
subnormal growth, developmental problems, and other adverse health conditions. Low birth
weight infants are known to be at high risk for neurological handicaps (Hardy et al. 1979). Low
birth weight is often associated with congenital anomalies (McCormick et. al. 1980). A
disproportionately high number of low birth weight infants experience infections of the
respiratory system (Outerbridge et al. 1972; Bryan et al., 1973).
A significant number of low birth weight infants experience learning disabilities and
behavior problems (Ramey et al. 1978; Westwood et al. 1983). A higher proportion of low birth
weight infants also go on to be enrolled in special education classes than their normal birth
weight counterparts (Hack et al. 1995).
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Figure 3.1. Low Birth Weight: Louisiana and United States, 1993-1997
(Source: Compiled by author from Louisiana Center for Health Statistics)
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The rate of weight gain during pregnancy, and therefore weight at birth, varies
considerably from one newborn to the next. Marked differences in birth weight also are found
across social, economic, ethnic, racial, and national boundaries in the contemporary world. By
and large, the most privileged social groups bear the heaviest babies while the most
disadvantaged have the lightest. These differences, in turn, reflect the fact that weight at birth
are influenced by a wide range of biological, social, and economic factors, not all of which are
fully understood (Ward 1993).
According to Robson (1978), genetic factors may account for as much as 72 percent of
variation in newborn weight. One genetic factor associated with birth weight differences is the
sex of the newborn. On average, male infants bom in contemporary developed societies weigh
about 150 grams more than females, although lesser differences between the two sexes are
common in the underdeveloped world. Newborns suffering from genetic disorders also tend to
be smaller than normal. Certainly, widespread differences in mean birth weight have often
been observed among various racial and ethnic groups and they have commonly been
attributed, at least in part, to genetic causes (Alexander 1985). For example, in the year of
1996, in Louisiana, African-American women gave birth to infants of low birth weight more than
twice as frequently as white women did, at 14.3 % compared to 6.9 %. This discrepancy held
true for all age groups (Figure 3.3).
A woman's age has an effect upon the birth weight of her children. Teen mothers are
less likely to receive adequate prenatal care and are more likely to give birth to low birthweight
infants (Lewis et al. 1996). The reduction of teen pregnancies is thought to be one of the key
strategies in the reduction of infant mortality and low birth weight infants in the United States.
In 1993, of the 3.8 million mothers aged 15-44 who received welfare or Aid to Families with
Dependent Children (AFDC), 55% first became mothers as teenagers (The Allan Guttmacher
Institute 1995).
According to McCormick et al. (1984), young maternal age may serve as an indicator
for socioeconomic disadvantages. Studies indicate that as a result of adolescent
developmental status, such as egocentridty, rebelliousness, vulnerability to peer pressure and
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Figure 3.3. Low Birth Weight by Race and Age Group, Louisiana, 1992-1996
(Source: Compiled by author from Louisiana Center for Health Statistics)
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cognitive orientation toward the present, teenage mothers often engage in health practices that
are not conducive to the health of a fetus or newborn. Young mothers often lack the
experience required to assume their roles as effective parents (Jekel et al. 1975; Furstenberg
1976; Lawrence and Merritt 1981). Cigarette smoking and alcohol consumption related to
maternal health also influence weight at birth. They smoke and drink alcohol during pregnancy
more likely than older mothers. They have only minimal weight gain during pregnancy, and
they are less likely to breast feed, and very often do not seek prenatal care in a timely fashion
or use well-child medical care adequately. In addition, marital status is one of the social factors
occasionally linked with low birth weight outcomes, unmarried mothers bearing slightly lighter
children than do married ones. Births to unmarried women in Louisiana have been on the
increase since the 80s. This is due to the high percentage of births among unmarried women
for blacks in Louisiana. Overall counts and age-race breakdowns of the rates show that as age
increases, the proportion of births to unmarried women decreases (Vital Statistics Annual
Report Card 1995, pp.27-28).
Teen mothers tend to be unmarried and do not finish school and begin a cycle of
poverty. A disproportionately large number of young mothers, especially those under 18. live
in homes where the father of the infant is absent (Glass et. al. 1971; McCormick et. al. 1980;
McCormick et.al. 1984). Most (76%) births to teens occur outside of marriage (Ventura et.al.,
1996), and (25%) of teenage mothers go on to have more children within the next two years
(The Allan Guttmacher Institute 1994). In 1996, there were 12,310 live births to Louisiana
residents under the age of 20. This represents 18.9 % of the total live births to Louisiana
residents that year. Although percent of births to teens under the age of 20 is higher in
Louisiana than East Baton Rouge Parish, the parish figures are above the nation (Figure 3.4).
It is also meaningful to compare births among teens in different race groups. In Louisiana, the
birth rate for African-American teenagers in 1996 was more than twice that of white teenagers,
at 51.6 compared to 24.2 births per 1,000 women in the respective age and race groups
(Louisiana Health Report Card 1998, pp. 25-26).
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Many agree that the most common nonmedical or sociodemographic variable
correlated with low birth weight is the low-income status of the mother (Glass et
al.1971 ;Berkowitz 1981; McCormick et al. 1984). Educational level of the mother is often
related to low income. The lower the educational level of the mother, the greater the low birth
weight infant is at risk. The young mother who has low educational achievement level lacks
the maternal experience and knowledge to appropriately assume the roles required of a
mother. Shapiro, et al. (1980) found a high association between low educational attainment of
the mother and death and significant illness of the infant.
Maternal nutrition has influence on newborn weight and the quality of medical care for
expectant women is related to weight at birth. Glass et al. (1971) found that the low income
status of the mother is often associated with the failure of the mother to receive appropriate
pre-natal care, the receipt of public assistance, and the absence of the father from the home.
Prenatal care is recognized as an important means of providing medical, nutritional, and
educational interventions to reduce the risk of adverse pregnancy outcomes and to identify
women at high risk for these outcomes. Prenatal care is adequate if the first prenatal visit
occurred in the first trimester of pregnancy. The duration of pregnancy (Gestational age) has
an important bearing on weight. At the national level, the percentage of mothers entering
prenatal care in the first trimester has been steadily increasing. Louisiana is consistently below
the national percentage, but has shown similar improvement (Figure 3.5). Percent of mothers
entering prenatal care in first trimester is higher in East Baton Rouge Parish than the rest of the
state (Figure 3.6). In Louisiana, in the year of 1996, less than half of the mothers under the
age of 15 started prenatal care in the first trimester of pregnancy, and 6.5 % of this age group
never received any prenatal care. Entry into care improved with age before leveling off in the
mid-twenties. Also, African-American women entered into prenatal care in a timely manner
less frequently than whites and other races. Only 70.3 % of African-American mothers had
their first prenatal visit in the first trimester, compared to 88.6 % of white mothers (Louisiana
Health Report Card 1998, pp.19-20).
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Figure 3.5. Percent of mothers entering prenatal care in first trimester
Louisiana and United States, 1993-1997
(Source: Compiled by author from Louisiana State Center for Health Statistics)
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Birth order is one of the principal determinants of the rise in infant weights. Birth order
also affects newborn size. Firstborns are lighter than their subsequent brothers and sisters.
Multiple pregnancy also affects birth weight. Twins and triplets have strikingly different fetal
growth histories than singletons and are significantly lighter at birth weight as a result (Hytten
and Leitch 1971).

3.3 Environmental Factors and Low Birth Weight
Environmental influences also have an effect on weight at birth. Children bom of
mothers who live at high altitudes reveal lower-than-normal weight means perhaps because of
reduced oxygen supply to the placenta and fetus. The association between climate and
newborn size is far less clear (Meyer 1977).
The exposure of pregnant women to toxicants has long been recognized to produce
adverse pregnancy outcomes such as low birth weight and miscarriage as well as
malformations and functional abnormalities. Most of the findings on chemicals causing
adverse pregnancy outcomes have been established on animal studies. The therapeutic use of
thalidomide (McBride 1961) and environmental exposure to mercury in Minamata Bay, Japan
(Koos and Longo 1976) are major exceptions that illustrate human fetuses are at risk from
chemical exposures.
Low birth weight along with the developmental effects including birth defects has been
studied as possible effect of toxic pollutants from point sources such as hazardous waste sites.
This is because such effects can be readily monitored with either existing surveillance systems
or special studies. Upton et al. (1989) states that selection of an appropriate disease outcome
for surveillance at hazardous waste sites is difficult. When the exposed population is small, it
is difficult to detect rare outcomes. The complex chemical mixtures found at hazardous waste
sites do not usually result in dearly definable health outcomes. The identification of exposed
individuals, and the estimation of compounds, dose, and duration and frequency of exposure
are problematic in assessing health outcomes. Although such difficulties exist, several studies
have evaluated exposures that might increase the risk of low birth weight and birth defects.
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Love Canal, New York, one of the best known of toxic dumpsites, was evaluated in
terms of adverse pregnancy outcomes. Love Canal swale area consists of low-lying drainage
depressions that traverse the dumpsite. Several studies have reported that at Love Canal, low
birth weight was clearly linked to exposure from the hazardous wastes, although the extent of
the time during which it was continued was unclear (Vianna and Polan 1984; Goldman et al.
1985; Paigen and Goldman, 1987). Vianna and Polan (1984) evaluated the cohort of infants
bom in the Love Canal area from 1940 through 1978. They considered areas known to have
more water that percolated up to the ground through swales. Families who resided in these
areas were expected to be exposed to the contaminants in these swales and outgassing
emissions from them that could enter basements. Using a five-year moving average, they
found a significant excess of low birth weight babies occurred during the time when dumping
was estimated to be most active in the area, from 1940 through 1953. No such excess was
evident for later years. From 1954 to 1978, after dumping of chemical wastes had ceased, the
rates were similar to those of upstate New York as a whole.
Goldman et al. (1985) used single family homes in the entire Love Canal
neighborhood. His study area was three times larger than the area Vianna and Polan included.
They found an excess of low birth weight between the years 1963 and 1980. The prevalence
of low birth weight babies were 16 percent for the swale area, comparing with 10 percent for
the nonswale area, and 4.8 percent for the controls. Birth defects were more common along
the exposed than the unexposed children bom to homeowners or renters living in Love Canal.
Another study of spatial variability in birth weight was conducted using individual and
ecological data for 1986 in northern Finland. Multilevel multiple regression model was used.
After allowing for sex, gestational age, mother's age, height and hypertensive disorders, parity,
body mass index, previous low birth weight child and smoking as individual determinants of
birth weight, part of the residual variation was explained by the locality wealth parameter. The
wealthiest urban localities and the most deprived localities both had a predictive birth weight
about 60 g below the maximum, if all other factors were held constant. This result along with
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the spatial clustering of birth weights suggested that there could be important environmental
and social determinants of birth weight that yet to be identified (Jarvelin et.al. 1997).
As mentioned in chapter 2, in the spatial analytical methods section, Rushton and
Lolonis (1996) have found areas that have significantly high birth defect rates for the period
1983 to 1990 in Des Moines, Iowa. They computed birth defect rates for a regular lattice of
grid points arbitrarily located at approximately half-mile intervals throughout the Des Moines
area. Birth defect rates, based on these lattice points were represented as a continuous
distribution by interpolating values between the grid points. They presented their result by an
isarithmic map with simple contouring procedures using geographic information systems. In
another study, Rushton et al. (1996a, b) has looked at the spatial pattern of infant mortality in
the same city, Des Moines, Iowa for the period of 1989-1992. Taking any location at random,
they defined its infant mortality rate by selecting an arbitrarily sized region surrounding it of a
size sufficient to capture enough observations of birth and deaths to estimate the rate. They
believed if they repeated this for a grid of such estimates, they could interpolate the infant
mortality rate as a continuous spatial distribution. From each location on a square grid with
approximately 0.4 miles apart, a circle of 0.4 mile radius was drawn and the number of births
and infant deaths within the circle area was computed. The infant mortality rate was defined
for the grid location at the center of each circular area as the ratio of infant deaths to births
found in the area for the time period specified. The method they used is known as ‘punctual
kriging", a widely used method in the geo-sciences (Carrat and Valleron 1992; Webster et al.
1994; Oliver et al. 1989). They computed a continuous spatial distribution of infant mortality
rates by a contouring procedure (Openshaw et al. 1987; Openshaw et al. 1988; Turnbull et al.
1990). The largest area with significantly high infant mortality rates is located in the central
urban part of the city of Des Moines where a large area exists in which more than 75 percent of
the simulated infant mortality rates were less than the observed rate.
Recently, New Jersey Department of Health (1992) conducted a project to develop and
apply appropriate methodology to assess relationships between exposures to environmental
pollutants and adverse reproductive outcomes in New Jersey. The project had four phases.
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Under the first phase, outcome rates for the state and its 567 municipalities were generated for
infant mortality, low birth weight, and congenital anomalies. In addition, New Jersey’s
municipalities were characterized with respect to demographic and health related variables
derived from the U.S. census and vital records. Phase two comprised the review, content and
completeness of environmental databases such as the public drinking water system databases,
toxic release inventory, and surveys of agricultural use of pesticides. Since there was special
interest in toxic waste sites, variables such as the number of ‘Superfund sites* per square mile
of a municipality and the presence of any such site were created to represent the potential
population exposure to these sites. Regressions, simple correlations, and partial correlations
were performed utilizing four weighting schemes. These schemes were fully weighted
(weighted proportionally to the number of births), proportional to the square root of the number
of births; proportional to the log of the number of births; and unweighted. This aggregate
municipality-based analysis indicated that rates of perinatal mortality and stillbirths were related
to sociodemographic characteristics of municipalities, but that rates of birth defects were
largely independent of the municipal demographic characteristics. In addition, a few
statistically significant associations between exposure variables and reproductive outcomes
were found, such as between limb reduction defects and waste sites per square mile.
Additionally, two individual based studies were conducted in the New Jersey study.
A cross-sectional study was performed using only the drinking water data and individual
information on the birth and death certificates. Exposure to drinking water contamination for
each gestational month of the pregnancy was estimated by using the sample data for the
drinking water system serving the municipality of maternal residence at birth. Birth weight as a
continuous variable, low birth weight among term birth weights, prematurity and birth defects
were the evaluated reproductive outcomes. After the data were analyzed, low birth weight
among term births were associated with carbon tetrachloride. In addition there was a mean
decrease in birth weight of 70 grams associated with total trihalomethane exposure above 100
ppb and a mean 31-gram decrease associated with surface water source.
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New Jersey Department of Health (1992) concluded the four-phase study with a
case-control study utilizing interviews of mothers was conducted. Low birth weight cases were
randomly sampled from all singleton live births who were bom in New Jersey during the study
period to mothers 18 years of age or over who resided in the study area at the time of the birth.
Low birth weight births were excluded before controls were selected. Primary sources of
drinking water and water consumption habits such as number of glasses per day, tap or bottled
water and exposures to potential risk factors during and prior to pregnancy were asked to the
mothers. Also, information on occupational exposures, smoking, alcohol consumption,
exposures in and around the home, prescription drugs, medical history and previous adverse
reproductive outcomes were obtained from the interviews. After the data were analyzed, very
low birth weight was associated with trichloroethylene, and tetrachloroethylene; intermediate
low birth weight was associated with surface water source.
In another recent study in Louisiana (1994), term low birth weight (1985-1992) rates
were used as health indicators to evaluate health outcomes in relation to proximity to three
National Priority List (NPL) sites in Ascension parish, Louisiana. The GIS was used to define
1.5 mile buffer zone around each site. The rates of term low birth weight and prematurity were
computed and mapped at the census block group and census tract levels with adjustments for
maternal race, education, prenatal care and tobacco usage during pregnancy using data
obtained from birth certificates. None of the three sites nor an aggregate of the sites had
higher than expected rates of term low birth weight. However, one of the sites, had a
significantly higher than expected rate of premature births.
These projects were designed to demonstrate the potential for the use of spatial and
temporal analysis as a tool in identifying health outcomes with environmental public health
implications. Additionally, the demonstration of GIS capabilities in the collection, mapping,
overlaying and analysis of health and environment data sets in these projects provided the
basis for the design of the case study in this dissertation research.
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3.4 Cancer as a Health Outcome
It is not surprising to select cancer as a health indicator to evaluate health outcomes in
Louisiana. Louisiana mortality rates for cancers of all sites combined continue to exceed
national rates. The state ranked number 10 in U.S. mortality rates for all sites in 1950-1959,
number 8 in 1960-1969, number 4 in 1986-1990 (American Cancer Society 1994). The
so-called Cancer Alley, a narrow strip along the Mississippi River, has the highest mortality
rates compared with other parts of Louisiana. The most frequent cancer in South Louisiana is
lung cancer, accounting for 20% of all newly diagnosed cases. Cancer incidence in South
Louisiana is generally similar to or lower than the Surveillance, Epidemiology, and End Results
(SEER) rates (Chen et al. 1990,1991,1996, 1997, 1998; Grove et al. 1996).
Since this small-area ecological study is carried out in East Baton Rouge Parish,
Louisiana, it is necessary to present a compilation of existing information about mortality and
cancer epidemiology in the parish comparing with the rest of the state, while providing
information about national and international trends. It is envisioned that such a compilation
would provide a framework that will both describe the current situation and be a reference for
the validity of this study.
3.4.1 International and National Cancer Mortality Trends
Cancer patterns vary substantially and continue to change in important and interesting
ways throughout the world. They reflect regional variations in exposure to not only hazards of
the environment but also racial and cultural characteristics of the people living in different parts
of the world. Overall cancer mortality remains highest in developed countries, where it
continues to increase. Cancer linked to cigarette smoking, asbestos, and dietary fat is more
frequent in the developed world, whereas cancer associated with food consumption,
preservatives, and infectious diseases is more frequent in the developing world.
Proceeding from this broad overview, it is perhaps instructive to examine international
mortality trends in selected countries in order to identify patterns of change in cancer mortality
in Louisiana and East Baton Rouge Parish and to provide some insight into the likely roles of
competing causes.
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In all countries, cancer mortality among men has been rising since 1950. The most
pronounced increase is in Hungary, France, and Italy, whereas in Sweden, and England and
Wales the trend is much less apparent. Lung cancer is the leading cause of cancer incidence
and death in most western societies. Lung cancer death rates are the highest in Scotland and
are relatively low in Latin American countries such as Chile, Ecuador, and most African
countries and Thailand (Page et al. 1985; American Cancer Society 1993).
In the Unites States, among males, the dominant cancer sites of mortality are lung,
prostate, colon and rectum, and pancreas. Figure 3.7 shows the cancer death rates by site
among males in the United States between 1930 and 1990. Lung cancer is the leading cause
of cancer death among men in all-racial and ethnic groups except American Indians who have
higher mortality from cancers of the prostate, stomach and liver. Lung cancer death rates in
men have shown a remarkable increase in the last 50 years paralleling a rise in cigarette
smoking 20 years earlier. Lung cancer is difficult to detect and hard to treat, and is responsible
for approximately 30 % of all cancer deaths. If the lung cancer deaths were excluded, cancer
mortality would have declined over 14 % between 1950 and 1990 instead of increasing by 10
percent (Miller et al. 1993). Surprisingly, the long period of rising death rates among males
from lung cancer may soon be over in Canada, the United States, Belgium, Czechoslovakia,
the Federal Republic of Germany, the Netherlands, Sweden, Switzerland, Australia, and New
Zealand (Lopez 1983).
Nationwide, cancer of the prostate or colon and rectum (colorectal) is the second
leading cause of cancer death among men in most racial and ethnic groups. The exception is
Chinese men, for whom liver cancer ranks second in mortality. In the United States, death
rates from colorectal and prostate cancers peaked in the 1940s and leveled off. Prostate
cancer death rates are higher among northern European men such as Norway, Sweden,
Switzerland whereas they are rare in east Asia. Incidence rates for prostate cancer in western
men are 30 to 50 times higher than those for Asian men. A population-based case-control
study of prostate cancer in Shanghai, China reported incidence of clinical prostate cancer is the
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Figure 3.7. Age-adjusted Cancer Mortality Rates, Males by Site, United States, 1930-1990
Rates are per 100,000 and are age-adjusted to the 1970 U.S. Standard Population
(Source: Vital Statistics of the United States 1994)
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lowest in the world but is rising rapidly. This study has provided etiologic leads to help clarify
the reasons for the substantial racial difference in prostate cancer risk. High levels of
education, a higher intake of total calories, red meat and animat fat and protein, and lower
levels of physical activity were associated with an increased risk, while higher consumption of
allium vegetables, peppers, and mushrooms were associated with reduced risk.
Stomach cancer appears in the top five causes of cancer deaths among men in all
groups except blacks, Filipinos and non-Hispanic whites. In the past, U.S. had high stomach
cancer death rates from 1930 to 1940, but stomach cancer death rates have been declining
remarkably since 1940. Cancer of the pancreas is among the top five causes of cancer deaths
in men for all groups except Alaska Natives, American Indians, and Filipinos. Death rates from
cancer of pancreas increased slightly from the 1930s into the 1960s and then leveled off.
In the United States, among men, blacks have the greatest risk of dying from cancer,
whereas for women, the highest mortality rate occurs in Alaska natives (Figure 3.8). In
Louisiana, blacks have the greatest risk of dying from cancer in both males and females.
Among groups with relatively low mortality ratios, Filipino men and women rank substantially
below American Indians, Japanese, Chinese and white Hispanics. In terms of incidence rates
in the United States, black men have the highest incidence rate of cancer. Non-Hispanic white
men have the next highest rate, which is 14% lower than that of black men. American Indians
in New Mexico have the lowest overall cancer incidence rate among men, nearly two-thirds
lower than the rate for black men. Among the Asian subgroups, Vietnamese men have the
highest incidence rate, followed by Japanese, Chinese, Filipino and Korean men. Nationwide,
overall cancer incidence rates are higher in men than woman (National Cancer Institute 1998).
Although, women have higher incidence rates than men in the age group 30-54 years
for every racial and ethnic group. This is due to the high rates of female breast cancer and
cancers of the female genital system (ovary, corpus uteri and cervix) in this age group. In the
age group 55-69 years, men have higher incidence rates than women in all groups except
American Indians in New Mexico.
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Figure 3.8. United States Mortality Rates, by Race, 1988-1992. Rates are average
annual per 100,000 population, Age-adjusted to 1970 U.S. Standard Population.
(Source: National Cancer Institute 1998)
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Among females, the rising lung cancer mortality is the preeminent public health issue
of the 1990s. Death rates are rising rapidly throughout the developed world and lung cancer
mortality is now more than three times as great as it was some 35 years ago. In the United
States, lung cancer death rates among females have been climbing sharply since the early
1960s.
Breast cancer had been the major cause of cancer deaths among all the U.S. women
from 1945 to 1988. Nationwide, the death rate from breast cancer has decreased 6.3 %
between 1991 and 1995. The World Health Organization (WHO) reports that about 1 in 11
woman in industrialized countries will develop breast cancer. Certain factors, such as family
history and exposure to hormones, reproduction issues, and alcohol use can influence the risk
of breast cancer. Estimates exist that 90 % of breast cancer can be cured if diagnosed early.
How breast cancer can be prevented remains largely unknown. Study of differences in pattern
and trends in breast cancer rates between countries and within countries over time may help to
solve the mystery of etiology.
Among women, in the nation, cancer of the pancreas is in the top five cancers for all
groups and colorectal cancer appears among the top five cancer mortality rates for all groups
except American Indians. Death rates from uterus cancer among American women was high
until about 1945, but there has been a steady decline since 1935. Figure 3.9 shows cancer
death rates by site among females in the United States between 1930 and 1990.
Among women, the racial and ethnic differences in the incidence rates for all cancers
are not as extreme as men. The rate is highest for non-Hispanic white women, followed by
Alaska Native (<2 % lower), white (2 % lower), black (8 % lower) and Hawaiian (9% lower)
women. The lowest rates occur in American Indian women in New Mexico and Korean women.
Similar to the pattern in men, rates among women are low for Korean, Chinese and Filipinos.

3.4.2 Overview of Mortality in East Baton Rouge Parish
Diseases of the heart and malignant neoplasms (cancer), cerebrovascular disease
(stroke), accidents and adverse effects and diabetes have consistently been the leading causes
of death in Louisiana for the past twenty years (Louisiana Health Report Card 1998, pp 39).
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Figure 3.9. Age-adjusted Cancer Mortality Rates, Females by Site, United States, 1930-1990
Rates are per 100,000 and are age-adjusted to the 1970 U.S. Standard Population
(Source: Vital Statistics of the United States 1994)
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The three leading causes in Louisiana, heart disease, cancer, and stroke, are also identical to
those of the nation as a whole. Accidents are ranked higher in Louisiana than nationally.
Louisiana, along with a group of southern states (Mississippi, Alabama, Georgia and
South Carolina), traditionally have higher age-adjusted death rates for stroke, cancer,
cardiovascular disease and all-cause mortality (Figure 3.10). Louisiana’s age-adjusted death
rate (600.9 per 100, 000) is the third highest in the nation and is marked higher than the United
States as a whole (493,6 per 100,000).
In East Baton Rouge Parish, the leading causes of death for the years of 1993-1996
are diseases of the heart (chronic ishemic heart disease, cardiovascular disease, hypertensive
heart disease, of anterolateral wall), malignant neoplasms (cancer), and diabetes (Table 3.1).
Diabetes is a more serious problem in East Baton Rouge Parish and in the state than at the
national level. African-Americans are at higher risk than whites for death from diabetes. In
particular, African-American males are at higher risk than whites for death from heart disease,
cancer, and accidents.
While diseases of the heart have been the number one cause of death in East Baton
Rouge Parish and consecutively in Louisiana for many years, the 1996 rate continues the
dramatic downward trend over the past two decades in both Louisiana and the U.S.
Furthermore, looking at the overall age-adjusted mortality rates for Louisiana's major causes of
death over the past five years, the rate of death due to malignant neoplasms (cancer) has
increased (Figure 3.11). The age-adjusted death rates for the leading causes of death in
Louisiana were determined by ranking the crude death rates from highest to lowest and then
adjusting these rates On the same rank order) with age. Reductions in coronary heart disease
mortality have been also observed in most countries in the rest of the world during the last 20
years or so, although the timing and extent of the decline has varied from country to country.
The reasons are still very much a matter of debate. Countries where the decline has recently
occurred include Austria, the Federal Republic of Germany, Norway, Sweden, and the United
Kingdom. In contrast, death rates are still rising in parts of Eastern Europe although the rate of
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Figure 3.10. Age-adjusted Death Rates in the United States
(Source: National Center for Health Statistics 1998)
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Table 3.1. East Baton Rouge Parish, Leading Causes of Death, 1993-1996
Year 1993

Total Deaths

2858

Death Cause

Cases

Chronic ishemic heart disease
Malignant neoplasm of trachea, bronchus, lung
Cardiovascular Disease
Hypertensive heart disease
Diabetes mellitus
Anterolateral wall
113
Year 1994

Total Deaths

Percentage

249
190
176

8.7
6.7
6.2
5.8

100

3.5

Cases

Cardiovascular Disease
Chronic ishemic heart disease
Hypertensive heart disease
Malignant neoplasm of trachea, bronchus, lung
Anterolateral wall
112
Diabetes mellitus
Total Deaths

3.9

3051

Death Cause

Year 1996

10.1
7.7
6.6
5.9
4.0

Cases

Chronic ishemic heart disease
Malignant neoplasm of trachea, bronchus, lung
Hypertensive heart disease
Anterolateral wall
166
Diabetes mellitus
Total Deaths

295
225
192
172
115

2848

Death Cause

Year 1995

Percentage

Percentage

306
198
193
192

10.0
6.5
6.3
6.3
3.7

112

3.7

2928

Death Cause

Cases

Cardiovascular Disease
Malignant neoplasm of trachea, bronchus,
Hypertensive heart disease
Chronic ishemic heart disease
Anterolateral wall
Diabetes mellitus

lung

Percentage

235
???
190
172

112

8.0
7.6
6.5
5.9
3.8

103

3.5

Cases extracted from death records
(Source: Vital Statistics, Louisiana Department of Health & Hospitals, Office of Public Health)
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increase appears to have slowed somewhat. Female death rates tend to decline more than
males (Lopez 1990).
3.4.3 Cancer Mortality in East Baton Rouge Parish
As observed in the industrialized world and in the nation, lung cancer is the largest
cause of cancer mortality in East Baton Rouge Parish and Louisiana. Moreover, Louisiana
men have the highest lung cancer rate in North America. The most common cancer deaths in
Louisiana are lung, prostate, larynx, mouth, and esophagus. In Louisiana, cancer mortality
rates combined have increased continually from 1950 to 1989 and it is primarily due to excess
in lung cancer (Riggan et al.1983, Miller et al. 1993). In the years between 1990 and 1994, the
figures for black and white Louisiana men are 37 and 14 percent higher than the corresponding
national figures. The vast majority of the extraordinary and sustained rise in lung cancer
mortality can be attributed to cigarette smoking. The higher rates of lung cancer are more
prominent in the southern part of the state with a recent significant increase in the northern part
of the state and on the West Bank of the Mississippi River (Correa et al. 1983a, Chen et al.
1990).
In East Baton Rouge Parish, between the years of 1993 and 1996, the top five cancers
are lung, female breast, colon, prostate and pancreatic cancer (Table 3.2). Females have
lower mortality than males (Tables 3.3). Louisiana blacks have the greatest risk of dying from
cancer in both males and females. Figure 3.12 shows the lung cancer mortality comparison
between the United States, Louisiana and East Baton Rouge Parish by race and sex. The
maps that show distribution of age-adjusted cancer mortality of primary cancer sites in East
Baton Rouge Parish at census tract and block group geographic scales are included in chapter
6. The age-adjusted death rates for cancer mortality in East Baton Rouge Parish were
determined by ranking the crude death rates from highest to lowest and then age-adjusted to
1970 standard population. The procedure is described in the methods section, in chapter 4.
In East Baton Rouge Parish, prostate cancer is the most frequently diagnosed non-skin
cancer in men, but is a distant second to lung cancer as a cause of death in the years of 1993
and 1996. Prostate cancer is higher in black men than white men. There is increasing
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Table 3.2. Cancer Mortality in East Baton Rouge Parish, 1993-1996
Year 1993

Total Deaths

2856

Death Cause

Cases

Percentage

Lung cancer
Female breast cancer
Colon cancer
Prostate cancer
Pancreatic cancer

225
57
52
47
42

7.7
2
1.8
1.6
1.4

Death Cause

Cases

Percentage

Lung cancer
Female breast cancer
Colon cancer
Prostate cancer
Pancreatic cancer

182
55
44
42
41

6.4
1.9
1.5
1.5
1.4

Death Cause

Cases

Percentage

Lung cancer
Female breast cancer
Colon cancer
Prostate cancer
Pancreatic cancer

192
77
54
51
34

6.3
2.5
1.8
1.7
1.1

Death Cause

Cases

Percentage

Lung cancer
Colon cancer
Female breast cancer
Pancreatic cancer
Prostate cancer

222
60
47
45
43

7.6
2
1.6
1.5
1.5

Year 1994

Year 1995

Year 1996

Total Deaths

Total Deaths

Total Deaths

2848

3051

2928

Cases extracted from death records
(Source: Vital Statistics, Louisiana Department of Health & Hospitals, Office of Public Health)
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Table 3.3 Cancer mortality Cases in East Baton Rouge Parish, by Race, 1993-1996
Type

Total Cases

White
Male

Black
Male

White
Female

Black
Female

Lung

821

324

181

228

84

Female breast

236

151

84

Colon

210

66

33

72

39

Prostate

183

93

90

Pancreas

162

66

19

48

29

Cases extracted from death records
(Source: Vital Statistics, Louisiana Department of Health & Hospitals, Office of Public Health)
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Figure 3.12. Lung Cancer Mortality, by Race: Comparison of United States, Louisiana,
East Baton Rouge Parish, 1993-1996
(Source: Cancer in Louisiana, Vol.9, Louisiana Department of Health and Hospitals and
complied by author from State Center for Health Statistics)
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evidence that diet plays an important role in prostate cancer development. Hormones,
occupational and other life style factors are also being investigated.
In East Baton Rouge Parish, cancers of colon and pancreas are in the top five cancers
in the years of 1993 and 1996. Among women, the leading cause of cancer death in most
racial and ethnic groups is lung cancer. Lung cancer rates in white women are higher than
black women in the years of 1993 and 1996. The decline of breast cancer and the increase in
lung cancer among females is also noticeable in East Baton Rouge Parish, Louisiana. Breast
cancer is second only to lung cancer in cancer-related deaths and the most frequently
occurring non-skin cancer among women.
3.5 Cancer Risk Factors
In 1969 J. Higginson estimated that 90 % of human cancers were caused by
environmental factors. What proportion of cancers are of environmental origin, whether it be
60 % or 90 %, depends largely on how one defines 'environment*. With reference to cancer
epidemiology, environment is defined as the total exposure of the individual to the external
world and includes lifestyle and cultural factors such as diet and cigarette smoking, as well as
industrial chemicals and pollution, infectious agents, and ionizing radiation* (Louisiana
Governor’s Task Force Report 1984, p.24). Individual characteristics such as age, sex and
genetics are not considered as environmental factors. There are two major categories of
environmental exposure to carcinogens:
1. Life style factors: These are exposures that the individual himself can control such as
smoking, alcohol, food, drugs, cosmetics, sunlight, reproductive behavior
2. General environmental factors: These are the exposures that the individual has little or no
control such as occupational exposures, air and water pollution, food additives, biological
contaminants, and radiation.
Human beings are not merely exposed to a single potentially carcinogenic substance.
During the course of their life times, people are exposed to a variety of compounds with
varying degrees of carcinogenic potency. Several different compounds can induce bladder
cancer, and several others can implicate in lung cancer. How these compounds interact within
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the human body is largely unknown and a subject of a continuing research. At the present time
there is sufficient evidence for carcinogenicity in humans for certain chemicals and industrial
processes (Table 3.4).
The relative role of lifestyle versus general environmental exposures as causes of
cancer in human populations is a major controversy. Epidemiological studies that analyze the
observed geographical differences in cancer incidence could be a resolution from the social,
cultural, behavioral, environmental and biological factors operating together or individually.
Cancer epidemiology has been quite successful in generating hypotheses related to the
etiology of various cancers. Some hypotheses have been confirmed by basic and clinical
research, such as smoking identified as the primary cause of lung cancer, sunlight causing skin
cancer, and alcohol causing oral cancer. The search for the causes of cancer is an ongoing
process. A number of risk factors for cancer have been identified, among them factors related
to behavior, nutrition, genetics, hormones, environment, occupation, socioeconomic status and
one's access to care.

3.6 Cancer and Environment in East Baton Rouge Parish
This section includes a number of studies on Louisiana and cancer in terms of the
environmental risk factors such as water quality, hazardous waste sites, air quality, and
occupation, life style, and cultural factors.
East Baton Rouge Parish is located in the southern part of Louisiana where the higher
rates of cancer are more prominent. The stretch along the Mississippi River between Baton
Rouge and just south of New Orleans is home to seven oil refineries and between 175 and 350
heavy industrial plant. Although cancer incidence in South Louisiana (1983-1987) is generally
similar to or lower than SEER rates, excess cancer mortality rates compared with the national
averages have been noted for a half century (Groves 1994). Many believe that these high
cancer mortality rates are related to the petroleum and chemical industries located in the
region, the use of chlorinated water from Mississippi River, and dietary habits and
homogeneous culture. In East Baton Rouge Parish, rapid population growth and increase in
employment continue to escalate the urt>anization of the parish. Large heavy industrial sites
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Table 3.4. Chemicals and industrial processes associated with cancer induction
Chemical or
Industrial
Process

Maintype
of
Exposure

Main Route
of
Eamwe

4-Aminobiphenyl
Arsenic Compounds

Occupational
Occupational
Medicinal
Environmental
Occupational

Inhalationskin,by mouth
Inhalationskin,by mouth

Occupational

Inhalationskin,by mouth

Bladder
Skin
Lung
Liver
Lung
Pleuralcavity
Gastrointestini
Tract
Bladder

Occupational
Occupational
Medicinal

Inhalationskin.
Inhalationskin,by mouth
By mouth

Leukemia
Bladder
Bladder

Occupational

Inhalation

Lung

Occupational

Inhalation

Lung

Occupational
Occupational

Inhalation Nasalcavity
Inhalationskin,by mouth

Medicinal

By mouth. Local Prenatal

Environmental. Dietary
Occupational
Environmental
Occupational
Occupational

By mouth
Inhalation,skin
Inhalation
Inhalation

Medicinal
Occupational

By mouth. Intravenous
Inhalation

2-Napthlylamine

Occupational

Nickelrefining

Occupational

Inhalation
Skin,by mouth
Inhalation

Lung
Skin,bladder
Larynx, Lung
Endometrium
Cervix,vagina
Oralcavity
Nasalcavity
Nasopharynx
Lung
Nasalcavity
Larynx
Leukemia
Lung
Larynx
Bladder

Radon
Shaleoils
Soots,tarsand oils

Occupational
Environmental
Occupational
Occupational
Environmental

Tobacco smoke
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Skin
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(Source: Modified from Tomatis et al. 1982 and Higginson et al. 1992, pp. 98-99 and
Task Force on Environmental Health 1984, pp.12-13, pp. 93-94, and 124-125).
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are mostly located along the northern part of the Mississippi River in East Baton Rouge Parish.
Large areas of undeveloped land, mostly agricultural lands are being converted to residential at
a very rapid pace. According to 1990 census population, the parish is 67.3 % white and 32.3%
black, mostly urban residents and workers engaged in mineral-production related jobs such as
the petroleum industry.

3.6.1. Studies on Cancer and Water Quality
East Baton Rouge Parish obtains its drinking water from ground water. Contamination
of East Baton Rouge Parish water with chemical carcinogens can occur from a variety of
sources, and can result in diverse problems. Water quality in East Baton Rouge Parish is
regulated and monitored by interaction of state agencies. The level of carcinogens are
periodically tested in the water sources of the parish. Sources of these carcinogens may
include effluents from manufacturing and industrial processing plants, toxic waste sites,
municipal sewage effluents, erosion or runoff from agricultural lands treated with certain
pesticides, urban street runoff, deliberate or accidental chemical discharge from ships,
untreated sewage barged to sea, mineral exploration, marine oil seepage and migration of
industrial pollutants from the atmosphere to the waterways (Kraybill 1977). Capitol Lake in
Baton Rouge has been known for its contamination with polychlorinated biphenyls (PCBs).
Water pollution by chemical carcinogens results in human health risks not only by exposure
through drinking water from surface or ground water supplies but also through organisms in the
food chain which may be contaminated with carcinogens.
Epidemiology studies have compared chlorinated water with increased risks of
developing certain cancers in the communities using the Mississippi River as the primary
source of drinking water. Cancer and noncancer deaths from 1960-1975 for Louisiana Parishes
using the Mississippi River water were compared. Deaths from gastrointestinal, liver, kidney
and bladder cancers have been associated with chlorinated surface water, however, some
studies suggested only rectal cancer may be significantly correlated with chlorinated drinking
water from surface water. These studies revealed an increased risk for cancer of the rectum in
those who consumed chlorinated surface water compared with those who drink ground water.
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(Marx 1974; Gottlieb et al. 1981; Gottlieb et al. 1982a; Gottlieb et al. 1982b; Hyman 1979;
Kraybil! 1977; Hams 1977). However, rectum cancer incidence in the southern parishes using
Mississippi River as drinking water supply between the period of 1983-1987 were not
significantly higher than the SEER rates (Groves et al. 1994). Ham's (1974) found a significant
relationship between drinking water and mortality from the gastrointestinal organs among white
males. Page et al. (1976) expanded this study and included females and non-whites. He also
suggested a positive relationship between water supplied from Mississippi river and
gastrointestinal organs and urinary organs cancer mortality. Both of these studies used
aggregate mortality data for parishes with populations taking their drinking water from the
Mississippi River. Although the multivariate method of analysis controlled for variables such as
industrialization, the observations were not completely accepted because sociocultural
confounders which are known to have a significant association with gastrointestinal cancers
were not introduced to the model. These studies were suggestive and provided little definite
information on the relationship between cancer and drinking water in Louisiana.
3.6.2. Studies on Cancer and Hazardous Waste Sites
Petro-Processors NPL site is located in East Baton Rouge Parish. A more detailed
description of the site can be found in chapter 4. The health of communities living near
National Priority List sites in Louisiana is a major concern to the Louisiana Department of
Health and Hospitals, Office of Public Health, Section of Environmental Epidemiology (SEER)
and the United States Agency for Toxic Substances and Disease Registry (ATSDR). Potential
hazards posed by releases from hazardous waste sites include health effects to animals and
humans from contaminated surface and ground water by migrating chemicals, from air
contamination by volatilization, or from ignition of flammable materials with subsequent
environmental contamination (Office of Technology Assessment 1983). People's exposure to
chemicals varies greatly. This level of exposure depends not only on the distance they live
from the waste sites or petrochemical plants but also on where they work and where their
children play, the direction of the wind, the types of chemicals emitted, the length of time the
wastes accumulate, the flow of underground or surface water, whether local creeks flood into
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vegetable gardens, how often residents eat local fish and game, and whether drinking water
comes from wells or the Mississippi River.
Public Data Access Inc.(1988) conducted a study comparing mortality rates between
counties along the Mississippi and in the United States in terms of toxic waste, toxic emissions,
pesticide usage, and toxic discharges to the surface waters. High cancer mortality was related
to industrial pollution along the Mississippi River. LSU Medical Center (1993) and Groves et
al.(1994) studied cancer incidence in the river parishes. But researchers found nothing
conclusive. Several NPL sites in the river parishes and toxic dumpsites were investigated by
Public agencies. Various cancers in the vicinity of NPL sites were evaluated by coordination of
Louisiana State Health Department and Agency for Toxic Substances and Disease Registry
(ATSDR). In Louisiana, higher proportion of African Americans live in the vicinity of the NPL
sites. These studies also addressed issues of environmental justice in these areas, which is
whether racial minority and low-income communities bear a disproportionate share of exposure
to pollution and environmental hazards. Most of the reports that investigate smaller geographic
areas are confidential. Most of the numbers are lumped into larger and regional units. In a
recent study investigating NPL sites in Ascension parish, public health officials used GIS for
responding to community questions on health outcome data for those residing near NPL sites
(Louisiana Office of Public Health 1994).

3.6.3. Studies on Cancer and Air Quality
East Baton Rouge Parish is one of the parishes that have high TRI (Toxic Release
Inventory) releases of carcinogens in Louisiana. Other parishes with high TRI releases are
Ascension, Iberville, Calcasieu, Ouachita, and St. Charles. Major sources of pollutants are
industrial processes, transportation vehicles, solid waste disposal and agricultural burning
(Guthrie et.al. 1980). The Toxic Release Inventory (TRI) provides the public with a general
idea of the potential for public health problems associated with exposure to industrial toxic
chemicals. It is essentially a public risk communication tool. TRI data are usually presented to
the public as gross quantity of toxic chemicals annually emitted into air, into water, onto land,
or transferred to other sites by facilities in the nation that handle a selected set of hazardous
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materials. The industrial growth along the Mississippi River and discharges from river traffic
caused in highest amount of not only total TRI releases but also carcinogenic TRI releases
concentrating in Southern Louisiana (Department of Environmental Quality 1992). According
to a recent study by Bark (2000), the significant clusters of all lung cancer deaths by parish in
Louisiana were characterized by several environmental variables. It was suggested that the
parishes, St. Bernard, Plaquemines, and Jefferson, which included the most likely clusters of
lung cancer, released high amounts of TRI as well as carcinogenic TRI. In particular, they had
high air TRI emissions. A significant source of these pollutants has been attributed to a heavy
concentration of industry along the Mississippi River, and discharges from traffic.

3.6.4 Studies on Cancer and Occupation
Several studies looked for association between lung cancer and residential proximity to
the petroleum and chemical industries. Shear et al. (1980) found a higher risk of lung cancer
associated with residential proximity to cannery industries. Gottlieb et al.(1979) looked for
association between residence location and occupation. They associated increased risk of lung
cancer with not only residential proximity to the chemical industries but also employment in the
industry. Unfortunately, these studies used death certificates, which did not provide the
occupation of the individual.
Other occupational studies also took place. Hanis et. al (1982) detected significant
excesses of kidney and pancreatic cancers in the Exxon Baton Rouge refinery. Significant
excess of laryngeal cancer was found among Exxon isopropyl alcohol plant employees (Lynch
et al. 1979). Another significant lung cancer risk was reported among asbestos cement
manufacturing workers at a plant known with its usage of crocidolite and chrysotile asbestos
fibers (Weill et al. 1979; Hughes et al. 1987). High risks of pancreatic cancer have been
associated with oil refining and paper milling, utilities work, and agriculture industries (Pickle
and Gottlieb 1980). Increased risk of lung cancer have been correlated with shipbuilding,
sugarcane farming, mining, agriculture, and those employed in the petroleum industry, such as
welders, oilfield workers, operators, biolermakers and painters (Gottlieb and Stedmna 1979;
Rothschild and Mulvey 1982; Gotlieb et al. 1979; Gotlieb 1980). Urinary bladder cancer was
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significantly found to be high among oil refining and sawmill workers (Gottlieb and Pickle
1981). Several researchers (Mulvey and Rothschild 1983) attempted to do interviews with
industry workers to detect the association between occupation and lung cancer. They found a
significant lung cancer risk among sugarcane farmers who smoke, but no association between
employment in the industry and the cancer was detected. Voors et al. (1978) reported a
positive correlation between respiratory cancer and wetland residency for men. Groves et al.
(1992) conducted a small area ecological study in St. Bernard Parish and divided the parish
into six zones. Tobacco use, diet, occupation and toxic air emissions from industrial plants
were examined as risk factors for lung cancer. Tobacco use was associated with the rural
excess in lung cancer rates. Although definite cause and effect is difficult to establish in these
cases, the information gathered from these studies can provide a framework for further study to
isolate specific chemicals and characterize potential for carcinogenesis.

3.6.5 Studies on Cancer and Life Style and Cultural Factors
Located in the south, East Baton Rouge Parish is very much affected by the lifestyle
and culture of southern Louisiana. Dietary and nutrition patterns of southern Louisiana is
similar in East Baton Rouge Parish. Steelman (1974) and Correa and Johnson (1983) marked
differences of dietary and nutritional patterns in Louisiana. Seafood preference and alcohol
intake among whites, and pork meats, combread and rice among blacks in southern Louisiana
is different than higher consumption of vegetables and fruits in the northern part of the state.
Several researchers (Chen et al. 1984; Correa et al. 1984a, 1988; Fontham et al.
1988a, 1988b, 1993; Gottlieb and Carr 1981; Groves et al. 1992) have studied the effects of
smoking, occupation, diet and environmental exposure on the risk of lung cancer in southern
Louisiana. They attributed high lung cancer mortality to lifestyle factors especially to the
residents along the Mississippi River corridor who smoke earlier and more over their lifetimes
and eat a diet heavy on fats and short on fruit and vegetables and also occupational exposures
such as mineral oil mist and wood dust. High consumption of pork products among Cajuns had
been significantly associated with increased risk of pancreatic cancer in south Louisiana (Falk
et al. 1988). Lifestyle and cultural risk factors for cancer involve a variety of customs and
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practices as well as economic goods and occupations. According to an estimation by Doll and
Peto (1981) 70 % of cancer might be related to lifestyles such as smoking, alcohol, nutrition,
and occupational exposure.
The vast majority of the extraordinary and sustained rise in lung cancer mortality in
Louisiana can be attributed to cigarette smoking (Correa et al. 1983, Chen et al. 1990). In East
Baton Rouge Parish, between 1993 and 1996 the percent of tobacco users among the lung
cancer deaths is 5.7%. in Louisiana, approximately 90 % of lung cancer is attributed to
smoking (Fontham et al. 1988a). Attributable risk in the population is defined as the number of
cases due to the association with the risk factor divided by total cases in the population.
Correa and Johnson (1983) has linked excess of pancreatic cancer in South Louisiana primarily
to smoking and extensive use of non-filtered cigarettes. Both tobacco and alcohol increase
cancer risk. Alcohol is the most significant risk factor for cancers of the oral cavity and
pharynx, esophagus, and larynx (Page and Asire 1985).
According to Chen and colleges (1990), Louisianians die from cancer at a higher rate
than do people in other states, mostly because of poverty, which prevents many residents from
getting timely medical care. East Baton Rouge Parish is more prosperous and its residents
have more access to routine and preventive health care comparing to the other areas of the
state. But comparing with the nation, Louisiana’s poverty is the second highest in the nation,
which is a big contributing factor to poor health outcomes despite increased public health
expenditures. Chen et al. (1996) noted that socioeconomic status, sexual behavior, medical
treatment, and education can be associated with cancer risk in Louisiana.
By analysis of cancer mortality in East Baton Rouge Parish, Louisiana, this dissertation
study can help obtain clues as to the possible reasons where and why a certain group of people
has an unusually high or low cancer rate. These data may implicate environmental factors,
dietary factors, or other factors. Absolute proof of cause and effect in humans may be almost
impossible since clinical experiment is difficult and expensive, but actions to protect public
health may be necessary prior to final proof beyond a reasonable doubt.
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CHAPTER 4
DATA AND METHODS
This dissertation research was based on a case study in East Baton Rouge Parish,
Louisiana. A set of useful spatial analytical methods, integrated with geographic information
systems, were developed so that a variety of analyses could be conducted to examine the
relationships between environment and human health outcomes for the period 1993 -1996.
The emphasis of this research was on integration, where traditional statistical methods were
used concordant with spatial analysis and GIS technology, and where data of various forms
(i.e., point, line, polygon), scales, and resolutions are combined to obtain more reliable results.
Specifically, spatial measurement, cluster detection, scale analysis, and statistical mapping
techniques as well as non-spatial statistical analysis were applied in this research. Primary
software used in the analyses and display of the data were ArclNFO and ArcView (ESRI,
Redlands. CA), ERDAS Imagine ( ERDAS, Inc.. Atlanta, GA), GAM (Openshaw 1988),
SATSCAN (Kuldorf 1995), Microsoft Access, and Microsoft Excel. This chapter contains
detailed descriptions of the study area, data, and methods used in the study. The data collected
were then integrated to evaluate the research hypotheses (Figure 4.1).
4.1 Study Area
For this detailed study of health and environment. East Baton Rouge Parish in
Louisiana was chosen (Figure 4.2). East Baton Rouge Parish comprises 471.81 square miles
along the Mississippi River, in the southeast part of the state. The parish includes three major
cities: Baton Rouge, with a population of 231,219 and an area of 75 square miles; Baker, with a
population of 13,315 and an area of 4 square miles; and Zachary, with a population of 10,348
and an area of 20 square miles. According to 1990 Census information, the total population of
East Baton Rouge Parish is 380,105 including 182,318 male and 197,787 female population
(Office of the Planning Commission 1999).
The study area was selected for a number of reasons. Located in the ‘ Industrial
Corridor* on the Mississippi River between Baton Rouge and New Orleans, East Baton Rouge
Parish contains two National Priority List (NPL) hazardous waste sites, numerous industries,
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DATA COLLECTION

Health Outcome Data
Demographic Data
Environmental Data
Street Database
4

DATA INTEGRATION
Address-Matching
Point in Polygon

DATA ANALYSIS
1. Basic Analysis
Statistical Mapping
Correlogram Analysis
Statistical Summaries
2. Hypothesis Testing
2.1. Hypothesis 1:
There are significant spatial clusters of infant low birthweight (or cancer
East Baton Rouge Parish
Spatial scan statistic
Geographic analysis machine

mortality) in

2.2. Hypothesis 2:
The spatial clusters are related to major socioeconomic, cultural, and biophysical
factors
Stepwise multiple regression (cancer mortality)
Logistic regression (infant low birthweight)
Statistical summaries and maps
2.3. Hypothesis 3:
Low birthweight rates (or cancer mortality) are significantly higher among population
living close to the National Priority List Sites
Standard Mortality Ratios (cancer mortality)
Term low birthweight rate calculation in the proximity zones
2.4. Hypothesis 4:
The analysis results change with the spatial scale of the data.
Correlogram analysis by census tract and block group
Statistical mapping by census tract and block group
Spatial scan statistic and Geographic analysis machine by census tract
and block group and block
Figure 4.1. Research Methods
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Figure 4.2. Location of Study Area, East Baton Rouge Parish, Louisiana
(Source: Compiled by author from Louisiana GIS CD, Louisiana Oil Spill
Research and Development Program)
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injection wells, other solid and hazardous waste sites, underground storage tanks, and several
hundred public and private drinking water wells within its boundaries. The community has had
ongoing concerns about the health effects from the numerous industrial discharges. Future
trends including increasing population and employment will continue to escalate the
urbanization and possibly pollution of the parish. Associated with this development is an
increased concern for environmental health. Continuing population increase is highly
noticeable in East Baton Rouge Parish comparing with the other parishes in Louisiana (Figure
4.3). Existing health databases such as those maintained by the Louisiana Office of Public
Health (LOPH), and Division of Vital Records and Statistics could be obtained. These factors
make East Baton Rouge Parish a feasible location to examine the relationships between
environment and human health outcomes.
East Baton Rouge Parish is evolving into a diverse metropolitan landscape. This once
small river town surrounded by farms has become one of the fifty largest metropolitan areas in
the United States. In East Baton Rouge Parish, the proportion of total population living in the
urban areas is 90.6%, comparing with the rural population of 9.4% (1990 U.S. Census). As the
farthest inland deep-water port on the Mississippi River and the Gulf of Mexico, the Baton
Rouge port serves as a major center of commercial and industrial activity. Interstate 10,
Interstate 12, Interstate 110, U.S. 61 and U.S. 190 are the major highways and about 1,809
miles of roadway currently exist in East Baton Rouge Parish. Mean travel time to work is 21
minutes. The top employers that employ more than 1,000 people each are mostly
petrochemical industry related. These include BASF Wyandotte Corporation, Dow Chemical
Company, Entergy/Gulf States Utilities, Exxon Chemical Americas, Exxon Chemical Company
and Georgia Gulf Corporation.
Although East Baton Rouge Parish area has the best employment record of Louisiana’s
eight metropolitan statistical areas, according to 1990 U.S. census, unemployment rate is 8.1%
and median household income in the parish is $ 27,224. Percent below poverty level for all
families is 15.1%, and this figure is a lot higher for female householder families which is 44.1%.
Total housing units in the parish is 156,767 and the median value of single family house is
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1990

$ 68, 800. East Baton Rouge Parish has 171 schools, including public, parochial, and private
schools. The schools serve 75,000 students from pre-kindergarden through high school.
Percent high school graduate or higher is 80.5% and percent bachelor's degree or higher is
27.5%. Baton Rouge has four business colleges, two trade schools, and two state schools for
sight and hearing-impaired students. Two schools of nursing and several corporate and
university research and applied science facilities are located in Baton Rouge. Higher education
facilities with their enrollment figures are Louisiana State University (30,977), Southern
University (10,359), Baton Rouge Community College (1,996) and Our Lady of the Lake
College (960).
Recently, rapid land use changes have occurred in East Baton Rouge Parish (Figure
4.4). The northwestern part of the parish was primarily rural in character with the exception of
the city of Zachary. This area has undergone substantial growth in the last ten years and is
projected to continue on a steady growth cycle (15.8%). In Zachary area, the population by
race is white (67.3%), black (32.3%) and other (0.4%)(1990 U.S. Census of East Baton Rouge).
A high percentage of that part of the region is in the 100-year floodplain. The Northeastern part
of the parish is primarily rural, but it is quickly changing as the city of Baton Rouge grows
northeastward. 83.9% of the population is white and 15.5 % is black. The city of Baker south
of the city of Zachary is primarily suburban in population density with large heavy industrial
sites. Restrictions by the 100-Year floodplain designation necessitate predictions of slow growth
for Baker. Baker has a high percentage of black population (41.9%) with a white population of
57.4%. Scotlandville south of Baker is a very divergent landscape. The community of
Scotlandville, anchored by Southern University, is urban residential, while the remainder of the
area contains the Baton Rouge Metropolitan Airport, Devils Swamp Landfill, large industrial
complexes along Scenic Highway, and back water swamps of the Mississippi river. Baton
Rouge metropolitan airport is located about five miles north of the city center. Five airlines
serve Baton Rouge and transport more than 1 million passengers each year. Scotlandville area
has experienced a large population decrease and forecasts assert that this trend will continue.
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It has the highest black population in the parish (98%) comparing with white population which is
only 1.9% and other races only 0.1%.Median income is $13,650 which is the lowest figure
comparing with the rest of the parish (1990 U.S. Census of East Baton Rouge Parish).
Central/Greenwell Springs area is mostly low density single family suburban throughout
with a concentration of light industrial in the southwestern portion along the Illinois Central Gulf
Railroad. In this region, white population is 90.5% and black population is only 8.7%. A
mixture of urban residential and commercial uses characterizes the Acadian Thruway area.
Heavy commercial development is located along the major arteries of Florida Boulevard,
Government Street, Acadian Thruway and North Boulevard. This region has substantial
amount of black population (61.8%), with white population only at 37.7%. The population of
elderly people over age 55 is the highest in this area comparing with the rest of the parish. The
Baton Rouge General Medical center is the most significant landowner in this region.
The Goodwood area is characterized by large commercial development with pockets of
medium density residential areas. White population is 60.7%, comparing with black population
38.2% and other 1.1%. Properties located north of Florida Boulevard are primarily offices,
apartments, and small retail shops. South of Florida Boulevard land becomes medical offices
and related businesses serving Woman’s Hospital. The southwestern section of the parish is
dominated by two major land uses: the campus of Louisiana State University (LSU) and its
agricultural lands. Recently, there is a large decrease in the population surrounding LSU and a
very large increase in the population immediately south of LSU, which includes Tigeriand, a
major student housing area. In this region, the number of adults between the age of 20 and 34
is 10,786 which is a very high figure comparing with the rest of the parish (Population by age,
1990 U.S. Census .of East Baton Rouge Parish). The South district is the fasting growing area
in the parish. Existing agricultural lands are being converted to single family residential at a
very rapid face. Although growth has been dramatic, large areas of undeveloped land still exist
and will be the impetus for future growth in this region. Several large commercial
developments are under development in the Bluebonnet and Siegen corridors. Mall of
Louisiana on Bluebonnet greatly increases traffic volume. The 100-Year floodplain is the only
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limiting factor to growth in this part of East Baton Rouge Parish. The Millerville and southeast
section of the parish are the second fastest growing areas. Large pieces of undeveloped land
still exist and this gives an impetus for development of suburban single family residential with
pockets of commercial along the major vehicular arteries.
From this review, it is apparent that East Baton Rouge Parish employs a variety of
land-uses. The population growth along with the need for transportation access encourages the
process of land-use intensification, from agricultural fields to suburban and to commercial
development.

4.2 Data Collection
For this project, three types of data were needed: health outcome, demographic, and
environmental data for the East Baton Rouge Parish. In this phase, the format, content, and
completeness of the various data layers were reviewed. Then the data were aggregated into
block, block group, and census tract levels for comparison and analysis. The following sections
list the data that have been identified and made available for this research.

4.2.1 Health Outcome Data
1993-1996 is the selected time period for evaluation of adverse health outcomes. The
live birth file and death file have been acquired from the Division of Vital Records and
Statistics, Louisiana Office of Public Health. Table 4.1 includes the variables on the birth file
and Table 4.2 includes the variables on the death file. Live births were categorized by birth
weight (<2500 grams, >=2500 grams). The number of maternal prenatal visits (categorized as
insufficient if <9), maturity status (premature <37 weeks; full term >=37 weeks) and mother's
education, mother's tobacco and alcohol use, along with other variables in the birth and death
files were analyzed.
The infant low birth weight rate is a ratio between the low birth weight infants in a
geographical area and the total births in the same area over some period of time. Infant low
birth weight rates were calculated for different geographic scales such as census tracts, block
groups, and blocks for each year from 1993 till 1996.
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Table 4.1. Variables on the birth records

Father’s birth state
Hospital
Mother’s residence parish
Mother’s race
Father Hispanic
Birth weight
Mother’s education
Date of last menses
Congenital malformation
Gestation weeks
Number of live births living
Number of terminations
Date last termination
Apgar 5 minute score
Father’s birth date
Alcohol use
Obstetric procedures
Abnormal condition

Date of birth
Birth parish code
Birth Multiple
Mother’s age
Mother hispanic
Prenatal visits
Out of state residency
Month prenatal care began
Month certificate processed
City of residence
Number of live births dead
Mother transferred
Mother’s birth state
Deceased indicator
Tobacco use
Drinks per week
Complications of labor
Congenital Anomalies

Place of delivery
Sex
Father's race
Attendant
Marital status
Father's education
Father's age
Month name
Mother's zip
State of residence
Date of last live birth
Infant transferred
Apgar 1 minute score
Mother's birth date
Cigarettes per day
Weight gain
delivery codes

(Source: Louisiana Office of Public Health, Division of Vital Records and Statistics)
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Table 4.2. Variables on the death records
Death date
Marital Status
Occurrence parish code
Place of injury
Out of state residence
Street address
Month certificate processed
Pregnant
Death facility number
Method of disposition
Mother's birth state
Secondary death causes

Sex
Age
residence parish code
Injury parish code
Autopsy
City
Birth date
Manner of death
Hispanic origin
Education
Birth file number

Race
Facility code
death cause
Zipcode
Autopsy findings
Place of death
Birth state
Injury date
Tobacco use
Father's birth state
Birth file state

(Source: Louisiana Office of Public Health, Division of Vital Records and Statistics)
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Cancer mortality data for the years 1993-1996 were extracted from death certificates
provided by the Division of Vital Records and Statistics, Louisiana Office of Public Health. The
death certificates contain demographic and cause of death information for all deaths occurring
among residents of East Baton Rouge Parish.
All causes of death were coded according to the ICD-9 codes, the 9th Revision of the
International Classification of Diseases (World Health Organization 1977). The cancer sites
that were analyzed in this study were the five most common cancers in East Baton Rouge
Parish, Louisiana between the years of 1993 and 1996. The cancer sites and their codes that
were investigated in this study are: Lung (162.9), Female Breast (174.9), Colon (153.9),
Prostate (185) and Pancreatic (157.9).
Population at risk data used in the calculation of age-adjusted rates were the
population data for census tracts and census block groups, by age, sex, and race/ethnicity
derived from the 1990 U.S. Census Demographic Files. Age-adjusted cancer mortality rates by
site, race (white and black), and sex in 86 census tracts and 349 block groups from 1993
through 1996 were calculated and mapped using geographic information systems’ query and
database functions. Mortality rates were age-adjusted using the direct method. Age
adjustment eliminates the effects of differences in the age structure between populations and
allows direct comparison of mortality rates for these populations. The age-specific death rates
of the standard population are applied to the study population's age structure to answer the
question, ‘How many deaths would there be if the study population, given its age distribution,
had the mortality experience of the standard'. Direct standardization weights the age-specific
rates for a given sex, race/ethnicity, or geographic area by the age distribution of the standard
population (Annual Cancer Statistics Review, 1990). The 1970 United States standard million
population was used as the standard for all calculations (National Cancer Institute, 1996).
The first step in this procedure was to determine the age-specific rates. For each
age-group for a 4 year time interval (1993-1996) within each race-sex group, for the census
tracts and block groups, the following formula was applied:
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where

ia = the age specific mortality rate for age group a,

da= the number of events (cancer deaths) in the age-group during the time interval,
t

= the length of the time interval On years),

Pa = average size of the population in the age-group during the time interval.
•

In order to determine the age-adjusted and standardized rate, a weighted average of the

age-specific rates was calculated, using the age distribution of the standard population to
derive the age-specific weighting factors (Rothman 1985). This is the technique of direct

standardization, which uses the following formula:
n

ia S t d . p a

a

-1

Age-Adjusted Rate = --------------------------------- x 100,000

y

S td .p a

£T=\
where

ia = the age specific mortality rate for age group a,
Std.pa - the standard U.S. population in each age group a,
n = the number of age groups (16 five-year age groups).

Rates were calculated using five-year age intervals, with persons 85 years and over grouped
into one interval (Keyfitz 1966).

4.2.2 Demographic Data
Demographic data were collected from U.S. 1990 Census Summary Tape Files (STF)
which were prepared by the Bureau of Census (1990). Three CD-ROM databases, STF-1A,
STF-1B and STF-3A were obtained from Louisiana State University Population Data Center.
The TIGER/Line data which provided digital data, linear map features (i.e., transportation,
power lines, pipe lines, and hydrography) as well as area boundaries (i.e.. Census Tracts, Block
Groups and Blocks) were downloaded from TIGER/Line Files (Bureau of the Census 1990).
Census data are subdivided into units like Metropolitan Statistical Area (MSAs), census tracts,
block groups, and blocks. The major advantage of census data is that population counts are
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available at very fine level of aggregation. Tracts have an average 4000 inhabitants, block
groups 650, and blocks 85. Within non-metropolitan areas, blocks may contain as few as 35
inhabitants, and may encompass several square miles. Census blocks are the cornerstone for
aggregation to all other administrative areas reported to the public. Block groups are the
smallest areas for which the Census Bureau tabulates detailed sample data. Nationwide
availability of block group data on CD-ROM and the ability to link that data with TIGER using
GIS software has made block groups an important geographic entity for social analysis.
Census tracts do not change between decades and change infrequently from census to census
due to the interests in maintaining data comparability overtime (comer).
The information that one could typically expect from a census include age, sex. marital
status, household size, type of housing, housing values, home ownership, dependants,
occupation, education, ethnicity, income, and poverty level. For a possible association, urban
population, rural population, population density, percentages of high school graduates,
percentages of persons with income below poverty level, the number of persons employed by
different types of industry were collected from the U.S. 1990 Census Summary Tape Files
(U.S. Census Bureau 1990). A detailed description of the variables used in the multiple
regression analysis is included in the non-spatial analytical methods section of this chapter.
4.2.3 Environmental Data
Most environmental databases are instituted for regulatory and administrative
purposes. Consequently, their usefulness for estimating human exposures is limited. Criteria
used to evaluate the databases include variety of chemicals reported, completeness of data,
well-defined data quality assurance and control practices and adequate data editing,
management, and geocoding. The three environmental databases deemed most appropriate
for estimating population exposures include: (1) The public drinking water system databases;
(2) Toxic Release Inventory (TRI), specifically, stack and fugitive air emissions; (3) National
Priority List fSuperfund") sites in East Baton Rouge. These data are available for use in this
project, and some of them have already been acquired. They need to be cleaned and
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formatted for use with health and demographic databases. The following describes each
database:
The public drinking water system databases were acquired through Engineering
Service Drinking Water of Louisiana, Department of Health and Hospitals and Safe Drinking
Water Program, Office of Public Health. The database includes water wells, their latitude and
longitude, sampling data inorganics and corrosivity, testing for 13 volatile organics and PCBs
(Appendix A). The wells were mapped through each well’s locational coordinate (Figure 4.5).
A relational join of the database tables was created to link the attribute data to the point wells.
Contamination of Louisiana water with chemical carcinogens can occur from a variety of
sources, and results in diverse problems. Sources of these carcinogens include effluents from
manufacturing and industrial processing plants, municipal sewage effluents, erosion or runoff
from forests and agricultural lands treated with certain pesticides, urban street runoff,
deliberate or accidental chemical discharge from ships, untreated sewage barged to sea,
mineral exploration, marine oil seepage and migration of industrial pollutants from the
atmosphere to the water ways (Kraybill 1977). Water in the State’s major aquifer systems
remains of good quality. Of special concern, however, are the shallow aquifers and the water
bearing zones that are not used as major sources of water.
Water pollution by chemical carcinogens results in human health risks not only by
exposure through drinking water from surface or ground water supplies but also through
organisms in the food chain which may be contaminated with carcinogens. Previous studies
indicate that generally surface water (derived from water sources on the surface of the earth
such as streams, ponds, lakes or reservoirs) contamination has been greater than ground water
contamination. East Baton Rouge Parish obtains its drinking water from ground water supplies.
(2) TRI (Toxic Release Inventory) were obtained from U. S. Environmental Protection Agency
(EPA). The Toxic Release Inventory provides the public with a general idea of the potential for
public health problems associated with exposure to industrial toxic chemicals (Figure 4.6). It is
essentially a public risk communication tool. TRI data are usually presented to the public as
gross quantity of toxic chemicals annually emitted into air, into water, onto land, or transferred
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Figure 4.5. Drinking Water Wells in East Baton Rouge Parish, 1993-1996
(Source: Compiled by author from Water Source Inventory and Chemical Testing
Program database files (dbf), Louisiana Office of Public Health Safe Drinking
Water Program)
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Figure 4.6. Toxic Release Inventory Facilities in East Baton Rouge Parish, 1993-1996
(Source: Compiled by author from Toxic Release Inventory Program database files(dbf)
Department of Environmental Quality_GIS Center)
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to other sites by facilities in the Unites States that handle a selected set of hazardous materials.
Simply reporting annual emissions, however, fails to communicate a realistic measure of the
potential for adverse impacts stemming from exposure to these emissions and fails to
accurately measure a region’s vulnerability. Consolidation of release quantities with measures
of toxicity, estimates of the number of people potentially exposed, and the contributions of
nearby areas to the local vulnerability should improve the prediction of
health problems posed by airborne emissions (Tiefenbacher et al. 1997).
The Toxic Release Inventory (TRI) constitutes a major step forward in providing access
to information about the toxic by-products of industrial activity. The inventory, however, has
several shortcomings: the reports include only annual emission summaries and no other
temporal information; they reflect only those releases that are reported; and they contain
assumptions about corporate veracity in reporting. In addition, they include only reports of
those substances that were believed to be the most hazardous. Unfortunately, and perhaps
most importantly, the records often contain significant inaccuracies (Szasz 1994; Bowen et al.
1995; Scott et al. 1997). In spite of this, TRI has become a valuable tool for tracking toxic
reductions nationwide, implementing pollution prevention programs, and determining areas in
need of more rigorous risk assessment and regulation.
(3)

Within the United States, Louisiana ranks in the top 10% of states having the

greatest number of hazardous waste sites (Fontenot 1983; Magnuson 1980). Hazardous
wastes are defined as solid wastes, which because of its quality, concentration, physical,
chemical or infectious characteristic may (a) cause, or significantly contribute to an increase in
mortality and/or serious irreversible or incapacitating reversible illness, or (b) pose a substantial
present or potential hazard to human health or the environment when improperly treated,
stored, transported or disposed of or otherwise managed. Potential hazards posed by releases
from hazardous waste sites include health effects to animals and humans from contaminated
surface and ground water by migrating chemicals, from air contamination by volatilization, or
from ignition of flammable materials with subsequent environmental contamination (Office of
Technology Assessment 1983).
102

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Potential hazardous sites are first proposed to the National Priorities List (NPL) in the
Federal Register. Environmental Protection Agency (EPA) then accepts public comments on
the sites, responds to the comments, and places on the NPL those sites that continue to meet
the requirements for listing. Section 300.425(c) of the National Oil and Hazardous Substances
Pollution Contingency Plan (NCP), the Federal regulation by which The Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) is implemented (55 FR
8845, March 8,1990), provides three mechanisms for placing sites on the NPL The first
mechanism is EPA's Hazard Ranking System (HRS). The second mechanism for placing sites
on the NPL allows States Territories to designate one top-priority site regardless of score. The
third mechanism allows listing a site if it meets all three of these requirements: a) The Agency
for Toxic Substances and Disease Registry (ATSDR) of the U.S. Public Health Service has
issued a health advisory that recommends removing people from the site; b) EPA determines
the site poses a significant threat to public health; and c) EPA anticipates it will be more costeffective to use its remedial authority (available only at NPL sites) than to use its emergency
removal authority to respond to the site.
Responsibility for hazardous waste management in Louisiana was formally mandated
in 1978 to the Hazardous Waste Management Division in the office of Environmental Affairs,
Department of Natural Resources. Presently, the health of communities living near National
Priority List (NPL) sites in Louisiana is a major concern to the Louisiana Department of Health
and Hospitals, Office of Public Health, Section of Environmental Epidemiology (SEE) and the
United States Agency for Toxic Substances and Disease registry (ATSDR). In a previous
project by Lam et al. (1998), the perimeters of the NPL (National Priority List) sites were
obtained from the Louisiana Department of Environmental Quality. These perimeters were
digitized and registered onto the 1990 TIGER census block file using Intergraph-MGE GIS
software. Remote sensing and GPS (Global Positioning System) technology were used to help
locate these industries and in data processing.
In this research, the two NPL sites located in East Baton Rouge Parish called the
Petro-Processors Inc. site, will be investigated for a possible association. The Petro-Processors
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Inc. site consists of two locations near Scotlandville, East Baton Rouge Parish, Louisiana,
about ten miles north of the City of Baton Rouge. The community is predominantly rural with a
few houses located about 800 to 1000 feet from the border of Scenic Highway location. The
nearest residence is about 3,000 feet from the site. The nearest drinking water well is 3,000
feet up gradient of the site. The two former petrochemical disposal areas are situated about
1.5 miles apart, totaling 77 acres. The Scenic Highway site is located just west of US Highway
61 and north of the intersection of Scenic Highway 964 and US Highway 61. The Brooklawn
site is located west, southwest of the Scenic Highway site. Brooklawn is the larger of the two
areas, currently estimated at 60 acres. Bayou Baton Rouge meanders around both Scenic and
Brooklawn, and fingers out into Devil's swamp, which is used for recreational hunting and
fishing. Bayou Baton Rouge historically ran through both Brooklawn and Scenic, but was
rerouted during remedial activities at each site. Figure 4.7 shows the NPL sites in East Baton
Rouge and Figure 4.8 shows the facilities of environmental concern in the vicinity of the NPL
sites.
The Scenic highway area originated as a borrow pit used for petrochemical waste
disposal from 1961-1974. Brooklawn was opened in 1969 to accept petrochemical wastes
since the Scenic area was filled to capacity. Operations at Brooklawn ceased in 1980, but
ponds were left open to elements. Although filled and closed in 1974, the potential for leachate
migration and erosion of the Scenic pit was of concern due to the hazardous constituents
contained in the pit. In 1984, a Consent Decree (CD) for site closure was entered into the
Federal Court's record. The end result was an amended Consent Decree in 1989, which
specified the implementation of hydraulic containment and recovery. Additional investigations,
design and construction activities necessary to implement the new remedy began. The Scenic
area is now covered by a soil cap, seeded, and contoured to control erosion. Out of eleven
potential recovery well locations, seven were proposed and approved to be used to recover
non-aqueous phase liquids (NAPLs) from the former pit area. Contaminated water with the
NAPLs will be shipped to Brooklawn for treatment, disposal and destruction at the Brooklawn
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Figure 4.7. Petro-Processors NPL Site, Scenic Highway and Brooklawn Locations
(Source: Compiled by author from Congressional District 06 Environmental Protection
Agency Publication, May 1, 2000 (http://www.epa.gov/eaith1f6/6sf-1a.htm))
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(Source: Satellite View of East Baton Rouge Merge of Landsat Thematic Mapper and Spot Imagery and Toxic Release
Inventory Reports, Louisiana Department of Environmental Quality.GIS Center)

facilities. Most of the Brooklawn area still has one disposal pond, which remains partially open
where drill cuttings are deposited; all other pits and two former ponds have been filled and
covered. The NPL sites' principal pollutants are petrochemical wastes including Chlorinated
Hydrocarbons, Polycylic Aromatic Hydrocarbons (PAHs), heavy metals and oils. The major
health considerations are site's being located over the *400-foot sands*, a major drinking water
aquifer and spontaneous ignition of the waste resulted in fires in the upper lagoon in several
occasions. The other environmental risks are the lagoons being located in the flood plain and
the Devil's Swamp being used for fishing and hunting. Portions of both sites are on the Bayou
Baton Rouge flood plain. The bayou flood plain at Brooklawn is also on the Mississippi River
flood plain; the Mississippi flood plain immediately south of Brroklawn is Devil’s swamp, a
wetland area.

4.3 Data Integration
GIS's data integration functionality was performed for the health outcome data. Data
integration is a series of operations like geocoding, and projection conversion, which convert
the data to a consistent geographical structure. Geocoding is the mechanism that identifies
locations on a map with real coordinates such as addresses. To do so, addresses stored in
tabular data files must first be associated with a geographic feature, usually in a street network.
The coordinates of a data source can be used to calculate and assign coordinates to addresses
if the data source features also have addresses. This involves the process of address
matching which is a process that compares two addresses to determine whether they are the
same.

4.3.1 Address-matching
For this case study, geographical identifier on both birth and death records was an
address. The lists of addresses with birth and death records were automatically matched
against a digital geographic file of streets and address ranges through ArcView. The digital
street network used in this study was the ESRI street map, which was derived from
Topologically Integrated Geographic Encoding and Referencing system (TIGER) files. TIGER
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files for the U.S. became available in 1991. They contain address ranges defining the
beginning and ending address numbers that could be assigned to a given street segment,
coordinates for any specific address location are found through a linear interpolation of the
address number between the starting and ending address numbers assigned to the segment in
the TIGER file (U.S. Bureau of the Census Tiger/line files).
To match addresses, ArcView looks at the components of addresses in both the
tabular data file and the feature data source. If a match is found, ArcView locates the address
along the correct side of the street by looking at whether the parity of the event's house number
is even or odd. For this study, the data provider rounded the house number to an even number
to ensure confidentiality of individual records. A point is placed at the appropriate spot along
the street by interpolating where the number falls along the range. However, incorrect,
incomplete, or ambiguous address information reduced the matching confidence. This
required manual intervention such as interactively editing the addresses if mistakes exist, or
manually editing events with missing information for specific locations. For example, 620
CENTER STREET matches 601 699 600 698 CENTER ST instead of 501 599 500 598
CENTER AV because the street type, STREET, has been interactively edited to match the
abbreviated form of ST. The address matched records between the years 1993 and 1996 for
both birth and death files are listed in Appendix B.

4.3.2 Point in Polygon Analysis
Point in polygon analysis identifies intersection between point features and the areas
(polygons) in which they lie. In this study, this analysis was applied to identify birth and death
cases within specified exposure zones such as census tracts, block groups and blocks. An
avenue script was run and compiled in the ArcView environment (Appendix C). Individual
street addresses were aggregated at different census levels to protect privacy and
confidentiality. Personal information was not identified or displayed.
When case and address were matched, census geographic codes such as census tract,
block group and block from the geographic files were transferred to the case records and data
linkages to any of these geographic areas could then occur. This process allowed low infant
108

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

birth weight and cancer case distributions to be studied in relation to ecologically associative
environmental and socioeconomic status factors. It also helped to examine how clustering
patterns vary with different scales.
Case and population counts for census areas were obtained after point in polygon
analysis assigned the case counts for each census area. With this information, the spatial
analytical methods were continued with cluster detection techniques, scale analysis and
correlogram analysis. Also, non-spatial analytical method, multiple regression and logistic
regression statistics were applied.

4.4. Data Analysis
Data analysis included two steps: (1) basic analysis of the data by statistical mapping,
statistical summaries, and spatial correlogram analysis (See Figure 4.1) and (2) testing of
research hypotheses. The spatial distribution of cancer mortality rates in East Baton Rouge
Parish was mapped using the standard deviation method. The standard deviation method was
a valid comparison between maps of different rate dispersion on white and black, male and
female subjects. Spatial correlogram analysis was applied to examine the spatial character
and structure of infant low birthweight and cancer mortality.
The second step included the use of several methods to test the four research
hypotheses for each health outcome. Geographic Analysis Machine (GAM) and Spatial and
Space-time Scan Statistic (SATSCAN) cluster detection techniques were used to test
hypothesis one which stated that there were significant spatial clusters of infant low birthweight
(cancer mortality) in East Baton Rouge Parish. For hypothesis two, non-spatial analytical
methods, logistic regression and multiple regression analyses were applied to test whether the
spatial clusters were related to major socioeconomic, cultural, and biophysical factors.
For the third hypothesis, which tested if low birth weight and cancer rates were
significantly higher among population living close to National Priority List (NPL) sites, a focused
cluster analysis for each health outcome was conducted. Term low birthweight percentages in
the 3 and 4 mile proximity of NPL sites were calculated for all births, births to white mothers,
and births to black mothers based on the maternal race distribution among the census block
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groups in the proximity zones. For cancer. Standard Mortality Ratios (SMRs) were used. The
observed cancer mortality was compared with the expected cancer mortality to create the
standard mortality ratio.
For hypotheses four, which tested whether the spatial analysis results changed with the
spatial scale of the data, the above spatial analytical methods were applied at different
geographic scales, such as census tracts, block groups and blocks. The following describes in
detail the major methods and their specifications in this study.
4.4.1 Statistical Mapping
Statistical mapping is the first initial step to describe the patterns and relationships of
cancer mortality and the environment. In this dissertation, the standard deviation method is
chosen as a classification method that establishes class intervals for mapping cancer mortality
rates. The standard deviation method uses the standard deviation of the distribution of rates as
a basis for calculating standard distances in terms of the standard normal curve (Armstrong
1969; Lam, 1986). It is more advantageous than the other classification methods such as
equal area method and natural breaks that establish class intervals on percentiles or arithmetic
divisions of the measurement scale. Since class intervals are based on a measure of the
dispersion of a particular set of rates, more valid comparisons between maps of different rate
dispersions can be made.
In this dissertation, the deviation of each cancer mortality rate from the national mean
is squared, then all of these squared deviations are summed. The sum of the squared
deviations is then divided by (n-1). Given a sample of values, the standard deviation is defined
as:

where

X

X

is the age-adjusted cancer mortality rate for each tract (value of observation),
is the mean of variable

X

( National cancer mortality rate),

n is the number of tracts or block groups.

110

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Then, the cancer mortality is mapped using the Zj scores derived from the standard deviation.

S

When the mortality rates are not normally distributed, the measure of significance based upon
deviations from the mean is not entirely satisfactory. The standard deviation method as a
measure of significance is more likely to suit disease of high mortality (McGlashan 1972).
4.4.2. Spatial Correlogram Analysis
To examine the pattern of infant low birth weight and cancer mortality, spatial
correlogram analysis was conducted. Spatial correlograms are diagrams showing spatial
autocorrelations of a pattern at different spatial lags (distance). Spatial autocorrelation
measures the degree to which a spatial phenomenon correlates to itself in space. In general, if
high values of a variable in one area are associated with high values of that variable in
neighboring areas, the spatial pattern exhibits positive spatial autocorrelation for that variable.
Conversely, when high and low values alternate at neighboring areas, the spatial
autocorrelation is negative. In previous studies on disease distribution patterns, spatial
autocorrelation has proved to be a good measure (Cliff et al. 1975; Glick 1977; 1979b; Lam
1986; Kennedy 1988; Clayton etal. 1993).
The two most useful measures of spatial autocorrelation are Moran's I (Moran 1948)
and Geary's C (Geary 1954) indices. This study uses the Moran’s I measure, which compares
the covariance, and is less affected by deviation from the normal distribution (Cliff and Ord
1973; Goodchild 1986). When covariance of Moran's I is shown as a function of the spatial lag
on the X-axis, the diagram is called a correlogram. Moran's I is defined by:

/ = -!_>----------

• J
where G; represents the similarity of r's and j 's attributes,

S 3

is the sample variance, Wv

represents the similarity of r's and j 's locations, and Wg = 0 for all i (Goodchild 1986).
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Wij is the sample adjacency matrix (binary) in which Wg = 1 if the polygons r and j share a
common boundary, and 0 otherwise. The attribute similarity between two polygons (C v ) is
defined as follows:
Cg = { ( X , - x ) ( X j ~ x )

where x, is the value of the attribute for area / , x bar is the mean of the attribute.
The statistical significance of resultant spatial autocorrelation values can be tested by
computing the z scores using either the randomization or normal assumption. The
normalization assumption was more appropriate since the mortality data was normally
distributed. Using a two-tailed test with a significance level of a. = 0.05 (0.01), a z value outside
the range of ± 1.96 (2.576) was considered significantly spatially autocorrelated in either a
positive or negative direction.
Spatial correlogram analysis was implemented using a separate computer program
designed by Lam et al. (1996) to extract data from existing GIS software (Appendix D). The
computer program retrieves the information of left and right polygons sharing a common
boundary from Arclnfo and constructs a kth-order spatial adjacency matrix by coding 1 in Wg if
polygons / and j share a common boundary, and 0 otherwise. And the higher-order
adjacencies are derived by powering the first-order matrix. By this way, the spatial
autocorrelation is determined at each spatial lag. The algorithm and the procedure can be
found at Haggett, Cliff, and Frey (1977, pp.319-20) and also Lam et al. (1996).
When comparing the spatial correlograms through time, the spatial-temporal patterns
of clustering of low birth weight and cancer mortality could be revealed systematically. Spatial
autocorrelations for the five selected cancer mortality rates (lung, colon, breast, prostate and
pancreatic) and low birth weight rates at census tract and block group scales for East Baton
Rouge Parish from 1993 to 1996 were examined. The results of this procedure are presented
in chapters 5 and 6.
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4.4.3 Spatial and Space-time Scan Statistic (SATSCAN)
The spatial and space-time scan statistic is a cluster detection test designed to
evaluate reported spatial and space-time disease clusters and to see if they are statistically
significant. The techniques developed by Kulldorff (1997) also tests whether a disease is
randomly distributed over space or over time or over space and time. By detecting areas of
significantly high or low rates, geographical surveillance of disease can be performed.
The SatScan statistic can both detect and provide inference for spatial disease
clusters. It uses a circular window of variable size that scans the study area in order to detect
clusters without prior knowledge of their location or geographical size. It is calibrated so that
under the null-hypothesis of complete spatial randomness, the probability of falsely detecting a
cluster anywhere in the study region is equal to the specified significance level.
SatScan uses two models: Poisson based model, where the number of events in an
area is Poisson distributed under the null hypothesis, or a Bernoulli model, with 0/1 event data
such as cases and controls. With the Poisson model, population data are only needed at
selected time points and the numbers are interpolated in between (Kulldorff et al. 1997). With
the Bernoulli model, a time needs to be specified for each case and each control (Kulldorff and
Nagarwalla 1995). When the number of cases are small compared to the number of controls,
then the Bernoulli and Poisson models approximate each other very well. Both models can be
used with aggregated data.
With the Poisson model, categorized covariates can also be adjusted. When there are
no covariates, the expected number of cases in each area is proportional to its population size,
or to the person-years in that area (Hjalmars et al. 1996). When there are covariates, the
covariate-adjusted expected number of cases is used. Covariates can not be adjusted with the
Bernoulli model as implemented in the SaTScan software. With either model, the scan statistic
adjusts for the uneven population density present in almost all populations, and the analysis is
conditioned on the total number of cases observed (Walsh and Fenster 1997).
For each location and size of the scanning window, SatScan tests the null hypothesis
against the alternative hypothesis that there is an elevated rate within the window as compared
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to the outside. This study assumed the number of births in each tract to be Poisson distributed.
Under the Poisson assumption, the likelihood function for a specific window is then proportional
to

(-)
u

N -u

"""r(» > u >

where N is the total number of cases (deaths or births) over the whole area, n is the number
of cases within the window, and u is the covariate-adjusted expected number of cases within
the window under the null hypothesis. / is an indicator function that is equal to 1 when the
window has more cases than expected under the null-hypothesis and 0 otherwise (SaTScan 2.1
1998).
SatScan uses the likelihood function. The likelihood function is maximized over all
windows, identifying the window that constitutes the most likely cluster. The likelihood ratio for
this window constitutes the maximum likelihood ratio test statistics. By repeating the same
analytical exercise on a large number of replications of the data set generated under the null
hypothesis in a Monte Carlo stimulation, the distribution under the null hypothesis and
corresponding p-value is obtained. According to the likelihood function, secondary clusters are
also identified. The secondary clusters may or may not overlap the most likely cluster (Kulldorff
et al. 1997).
In this dissertation, the Poisson model was used, because the health indicator is a rare
disease such as cancer. Case and population counts for census areas, as well as the
geographical coordinates for each of those areas, were obtained by using Geographic
Information System functions. The centroid coordinates for each geographical boundary were
obtained by Centroid Generator Avenue script customized through ArcView GIS software
(Appendix E). Separate census areas were specified for individuals and data were aggregated
to blocks, block groups and census tracts. Another avenue script Point in Polygon was used to
assign the case counts for each census area. The year is related to each case to do space
time analysis.
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Three files are needed for SatScan Statistic. The case file includes the unique census
area identification numbers, cases for each census area, and the time related to each case.
After assigning the centroid coordinates and the case counts for each census area, the
database table is exported from ArcView to Excel and saved as a text file. Then each table is
modified in Microsoft Word by giving tab characters in order to run in SatScan. The Population
file includes the unique census area identification number, population of each census, and the
year. The coordinates file provides the geographic coordinates for each census area. Area
based information is represented by one single geographical location. They are specified as
normal Cartesian coordinates (UTM coordinates). Values had to be expressed as integers.
The SaTScan analysis performs either a purely temporal analysis, a purely spatial
analysis, or a space-time analysis. For this dissertation, purely spatial analysis is used.
SatScan scans the clusters of geographic size between zero and a maximum limit. The
maximum spatial cluster size is given 50, since the upper limit is expressed as a percentage of
the total population at risk, not higher than 50 percent (Kulldorff and Birkhauser 1998). A
cluster of larger size would indicate areas of exceptionally low rates outside the circle rather
than an area of exceptionally high rate within the circle (or vice-versa when looking for clusters
of low rates).
For hypothesis testing, a number of random replications of the data is set under the
null hypothesis. The test statistic is then calculated for each random replication as well as for
the real data set, and if the latter is among the 5 percent highest then the test is significant
at the 0.05 level. This Monte Carlo procedure was first proposed by Dwass (1957). The
number of replications does affect the power of the test, with more replications giving higher
power. Recommended values are 999 for large data sets, 1999 or 4999 for medium data sets
and 9999 for small data sets. For this analysis, 999 data set was used.
The unit in which the length of the time interval is specified is in *years*. The low birth
weight case times were already aggregated into time intervals of 1993,1994,1995, and 1996
and a term 1993 -1 9 9 6 . Once the data input files have been created, and the parameters are
defined, the analysis is launched.
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A special output file was created describing the various clusters in a way that was easy
to incorporate into a geographical information system (GIS). This file was accessed using
Microsoft Excel. This file has one row for each census area belonging to a cluster, with the
information of relative risk factor and the probability value of each cluster. Under the
null-hypothesis of complete spatial randomness there is a 50% chance that the p-value for the
most likely cluster will be smaller than 0.50 and an equal chance that it will be bigger. Under
the null hypothesis there will always be some area with a rate higher than expected just by
chance alone. Hence, even though the most likely cluster always have an excess rate when
scanning for areas with high rates, the p-value may actually be close to one (Hjalmars et al.
1996). For each individual census area, the observed number of cases, the expected number
of cases and the relative risk are calculated. A special output file was also requested which
contains all the simulated log likelihood ratios. The GIS file was then imported into ArcView to
create cluster maps and visually see the clusters with the other socio-economic and
environmental layers. The results of the statistical procedures are presented in chapter 5 and
chapter 6.

4.4.4 Geographic Analysis Machine (GAM)
The Geographical Analysis Machine is an automated exploratory spatial data analysis
of point or small area data. Given a geographically referenced point data or small area
referenced data, GAM indicates where there is evidence of localized clustering and how strong
it is. GAM works by examining a large number or circles of varying sizes that completely cover
the region of interest. It ensures that no locations are missed out. The circles overlap to a large
degree to allow for edge effects and to provide a degree of sensitivity analysis. Data are
retrieved for each circle and some statistical assessment made of whether or not the incidence
rate in each circle is unusually high or small (Openshaw et al. 1987).
GAM needs one of two data files in a particular format: A file of X,Y co-ordinates
describing the locations of the points or small areas of interest. A file containing two data
values for each X,Y co-ordinate: an incidence count, and a 'population at risk' count. The
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expected count is Ei = Pi R where Pi is the population at risk R is the mean incidence rate
calculated as:

where O; is the observed number of incidents or cases in area i (or at a point) represented by
the X,Y coordinates. For example, in this study, Oi is the count of low birth weight cases for a
particular census area i, and Pi is the count of the total births at i. Spatial units used in this
study for GAM analysis were census areas in East Baton Rouge Parish. The data used are
cancer and low birth weight cases in the years of 1993, 1994,1995, and 1996, aggregated into
census blocks, block groups and tracts.
In GAM, circles are used as a pattern detector. The size of the smallest circle and
the largest circle and the increment that size of circles change are important spatial search
parameters defined by the user. In this study, minimum radius size of 1km is given. The
minimum radius should be larger than the spatial granularity of the data. For example, if the
spatial object is an address point, suggested minimum radius based on the data resolution
should be 0.05. If the spatial object is a census ward, then the suggested minimum radius
should be 2 km. The maximum radius reflects the largest scale at which clustering might be
expected to occur. The data being analyzed and the size of the study region play an important
role to set this parameter. Some typical values are 5 km for crime data in which localized
clustering were of interest or 1 km for road traffic accidents where highly localized clusters
were expected. In this study, maximum circle radius of 5 km is given.
GAM gives the option of significance test to be used including Poisson probability,
bootstrap and Monte Carlo significance test. The Poisson Probability is applicable if the
incidents of interest are fairly rare. For the bootstrap significance test, the incidence data
should have a sufficiently high incidence rate. The third significance testing procedure is a
sequential Monte Carlo significance test. It generates a random distribution of cases,
computes an incidence rate and increment counter if the value exceeds the observed value.
For this study, Poisson probability was chosen.
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GAM collects evidence of clustering by building up a smoothed three dimensional
surface of values related to the chosen excess statistic modified by circle size. An ASCII file is
created which reflects a smooth raster surface accumulated for the entire study region. By
examining this surface, the areas where the evidence for localized clustering is the strongest
could be identified. An ungenerated ArclnfoCoverage of the boundary file is also input along
with the case and the population at risk data, to see the GAM generated clusters overlaid on
top of a boundary map. A raster grid was created from the ASCII output and incorporated with
GIS.

4.4.5 Comparison of the Two Cluster Detection Methods
Openshaw’s Geographical Analysis Machine (GAM) is a descriptive cluster detection
method. It uses overlapping circles of different sizes in the same way as the spatial scan
statistic, except that the circle size does not vary continuously. GAM users have to define the
minimum and the maximum radius of the circle size. Contrary to GAM, SatScan users define
the cluster size between zero and some upper limit. This maximum should be expressed as a
percentage of the total population at risk, not higher than 50 percent (Kulldorff et al. 1998).
With GAM, a separate significance test is made for each circle, and in almost any data
set there will be a multitude of 'significant clusters'. This is because under the null hypothesis,
each circle has a 0.05 probability of being significant' at the 0.05 level. For the spatial scan
statistic on the other hand, the probability is 0.05 that there is at least one cluster that is
statistically significant. Hence, the problem of multiple testing is resolved. GAM is an
exploratory spatial analysis technique that suggests hypotheses that could be tested by other
methods later. It is very useful for descriptive purposes, but its use in hypothesis testing is
questionable (Rushton and Lolonis 1996).
The spatial scan statistic is a cluster detection test, able to both pinpoint the location
and test the significance of specific clusters. It is also designed to evaluate whether cases that
are close in space are also close in time and vice-versa, adjusting for any purely spatial or
purely temporal clustering. It is useful when testing to see if there is clustering throughout the
study region and time period, and the preferred method when for example trying to determine
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whether a disease is infectious (Kulldorff et al. 1998). Both methods are automated and easy
to apply. They look for localized clusters rather than looking at the global statistics. The
outputs are mapable.

4.4.6 Scale Analysis
Scale analysis provides an evaluation of uncertainties in human health risk assessment
due to data scale, both in space and time. Indeed, the cluster detection and spatial
measurement techniques discussed above are very much dependent on the scale of
measurement. It is well known that the same information may have pattern and order at one
geographic scale but not at another (Doriing et al. 1992; Waller et al. 1993; Lam and Quatrochi
1992). In this study, three levels of data, data defined by census blocks, block groups, and
census tracts were examined. Infant low birth weight rate and cancer mortality rate were
calculated for different geographic scales such as census tracts, block groups and blocks for
each year from 1993 till 1996 and then aggregated and analyzed one value for each scale
level.
This scale analysis provides an assessment of how much uncertainties are involved in
the health risk assessment. With the availability of geographic information systems, the health
of local populations can be monitored and conclusions on the geographic distribution of health
in small areas within their jurisdiction can be reached. Particularly, in Louisiana, it is necessary
to examine patterns of health and disease at these local geographic scales because the 1990
Census revealed a growth in poverty, large increases in single-headed households, and
relatively slow growth in family income.

4.4.7 Focused Cluster Detection Technique and Standard Mortality Ratios (SMRs)
As stated in hypothesis three, the primary goal of the focused cluster detection
technique is to test if populations located in proximity to the NPL sites have elevated rates of
low birthweight and cancer mortality. A GIS was utilized to define and estimate populations
living near the sites and assisted in the identification of low birthweight births and cancer cases
that occurred to residents near the sites during the years 1993 to 1996. The use of GIS
allowed analyzing cancer in smaller geographic areas. Specifically, in this analysis the
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geographic area of interest was census block group. Census block groups were used instead
of census blocks because blocks do not provide the age, race, and sex population data needed
to analyze infant low birthweight and the cancer mortality data. The census block groups that
intersect the sites three, four and five miles proximity zones were identified (See Appendix F).
In order to retrieve the census block groups that intersect with the 3 to 5 miles proximity zones
of the sites, the digitized NPL boundary files and census boundary files were overlaid using
ArcView software. The three to five mile proximity zones were then imposed by using the
buffer criterion of Spatial Analysis extension of ArcView. Then, by the 'Clip with Polygon’
option of the X-Tools extension, the census block groups that intersect the buffer zone were
generated.
For focused clustering of infant low birthweight, term low birthweight percentages in the
3 and 4 mile proximity of NPL sites were calculated for all births, births to white mothers and
births to black mothers based on the maternal race distribution among the census block groups
in the proximity zones. For focused clustering of cancer, specific cancer types analyzed
included lung, female breast, prostate, pancreatic and colon. These cancer sites were selected
for review because Polycyclic Aromatic Hydrocarbons (PAHs) and Chlorinate Hydrocarbons
are contaminants of concern at the sites, and these cancers may be associated with these
exposures. Males and females were evaluated separately. All races were combined for the
analysis.
The standard mortality ratios (SMRs) were calculated for testing whether cancer
mortality is higher in areas close to the NPL site. The SMR is calculated by dividing the county
annual age-sex adjusted specific cancer mortality rate (1993-1996) by the proximity zone agesex adjusted rate. Statistical significance of the ratio was evaluated using a 95 percent
confidence interval (C.l.) of the SMRs (Kahn and Sempos 1989). For example, if the SMR was
calculated from 240.5/194.5, taken together with the assumption that sample values of SMR
are normally distibuted, this leads to the following equations for computing the 95 % confidence
interval:
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SMRu= SMR + 1.96 (SMR/E) * = 1.23 ♦ 1.96 (1.23/194.5) = 1.38
SMRl =SMR - 1.96 (SMR/E) 54= 1.23 - 1.96 (1.23/194.5) = 1.08
Where E = Expected rate for the proximity zone,
SMRu = Upper Limit,
SMRl ~ Lower Limit.
The 95 % C.l. was used to evaluate the probability that the SMR might be less than or greater
than 1.0 due to chance alone. In this case, the SMR is considered not significant at the 95 %
confidence interval.

4.4.8

The Logistic Regression Analysis
In testing hypothesis two, for the infant low birth weight, since the dependent variable

has only two values, low birth weight (less than 2500 grams) and normal weight (more than
2500 grams), the logistic regression model was used. The logistic regression model can
predict a binary dependent variable from a set of independent variables.
In logistic regression, the probability of an event occurring is directly estimated. For
more than one independent variable. The logistic regression model can be written as follows:
Prob (event) = — -—1+ e
Where Z isthe linear combination Z =

B

0+

B

1X 1+

B

2X 2 +

. ,.

+

BpXP .

The probability of the

event not occurring is estimated as
Prob (no event) = 1 - Prob (event).
In logistic regression, the parameters of the model are estimated using the
maximum-likelihood method. That is, the coefficients that make observed results most ‘likely”
are selected. The logistic coefficient can be interpreted as the change in the log odds
associated with a one-unit change in the independent variable. To understand the interpretation
of the logistic coefficients, the logistic model can be written in terms of the odds of an event
occurring. The odds of an event occurring are defined as the ratio of the probability that it will
occur to the probability that it will not (Hauck et al. 1977). The logistic regression can be
written in terms of odds as:
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Then e raised to the power Bi is the factor by which the odds change when the ith independent
variable increases by one unit. If B, is positive, this factor will be greater than 1, which means
that the odds are increased; if Bi is negative, the factor will be less than 1, which means that
the odds are decreased. When B%is 0, the factor equals 1, which leaves the odds unchanged
(Atkinson 1980).
The dependent variable, birth weight, was categorized as 1- low birthweight (<2500
grams), and 0- normal weight (>=2500 grams). The independent variables are mother's race,
age, marital status, education, alcohol use, tobacco use, total prenatal visits, gestation period,
and birth multiple.
In logistic regression, the codes for these independent variables must be meaningful.
The values of the independent variables are recoded by creating new set of variables that
correspond in some way to the original categories. In general, the code of 1 indicates that the
poorer outcome is present. For example, total prenatal visits less than 9 is insufficient,
therefore it is coded as 1. The interpretation of the resulting coefficients for the two-way
category variables is straightforward. It tells the difference between the log odds when a case
is a member of the ’poor” category and when it is not.
They are categorized as follows:
1. Mother's Marital Status: Marital status is categorized as 1-Unmarried, O-Mamed
2. Mother's Education: The vital statistics reports include the number of years of education.
For this analysis, It is categorized according to the high school education which is considered
12 years of education. The categories are as 1-(Less than 12 years), 0-(12 years and above)
3. Gestation Weeks: The vital statistics report the number of weeks in the gestation period.
It is categorized as follows:
1- Premature (Less than 37 weeks)
0- Full term (37 weeks and above)
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4. Total Prenatal Visit: The number of total visits the mother has to a physician during
her pregnancy is categorized as follows:
1- Insufficient (Less than 9 visits),
0- Sufficient

(9 visits and more)

5. Birth Multiple: This variable represents the number of births the mother gave. It is
between 1 and 5. It is categorized as follows:
0- (One birth)
1- (More than one birth)
6. Alcohol use: In the vital statistics reports, this field is assigned based on the value for
number of drinks consumed per week. If drinks consumed is from 1 through 99, a “ 1* is
written. If drinks consumed is * O’ , a *2* is written. For the logistic regression analysis, it is
categorized as follows:
1- Yes
0- No
7. Tobacco use: In the vital statistics reports, this field is assigned based on the value for
number of cigarettes smoked per day. If cigarettes smoked is from 1 through 99, a * 1* is
written. If cigarettes smoked is ’ 0*. a *2* is written. For the logistic regression analysis, it is
categorized as follows:
1- Yes
0- No
8.

Sex of the newborn: This variable is coded to indicate either female or not female.
1- Female
0- Not female
The two variables with more than two categories were race and age of the mother. For

race and age, the categories assigned are as follows:
9. Mother's Aoe: For the logistic regression analysis, the age of the mother is
categorized as follows:

1- (Less than 20 years of age),
2- (40 years and above)
8-(between 30 and 39 years),
4- (between 20 and 29 years).
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10.

Mother's Race: In the vital statistics reports, mother's race has originally 9 categories.
The categories are as follows:
0=Multi-racial
1=white
2=black
3=indian(american, alaskan, Canadian, mexican indian, eskimo)
4=chinese
5=japanese
6=hawaian
7=filipino
8-asian or pacific islander (cambodian, laotian, Vietnamese)

For the logistic regression analysis, these categories are reduced into four. They are as follows:
1 -multi-racial
2 -other (includes the original categories 3 till 8)
3 -black
4-white

4.4.9

Multiple Regression Analysis
In this dissertation, multiple regression analysis is used to examine the relationships

between several environmental variables and cancer mortality rates. Multiple regression,
where a set of independent variables is used to explain a single dependent variable, offers a

logical extension to the simple, bivariate regression procedure. The model can be expressed
as:
Y —ex + b\ JC\ + bzXz + . . . + biXi + <?
where: Y = dependent variable
X \...X

= independent variable,

a = Y -intercept or constant,
b\..Jba = partial regression coefficients,
e — error term.
Each partial regression coefficient represents the relationship of each corresponding
independent variable with the dependent variable, while holding all other independent variables
in the regression model constant. The regression coefficient can be positive, negative or zero.
When the coefficient is positive (or negative), its contribution to the dependent variable may be
positive (or negative). When it is not significantly different from zero based on an evaluation by
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f-test, the independence variable is said to have zero relationship with the dependent variable.
The error term is the difference between the observed and expected values of Y . This model
assumes that there is a normal distribution of the dependent variable for every combination of
the values of the independent variables in the model.
Multiple regression is used either as a descriptive tool to summarize and decompose
the linear dependence of one variable on the others or as an inferential tool by which the
relationships in a population are evaluated from the examination of sample data (Goodall
1987). Explained variation measured the total level of variation in the dependent variable that
could be explained or accounted for by the independent variables. The explained variation was
then converted to a relative index, called the ‘coefficient of determination* or R*. Particularly,
the model is used to seek a higher coefficient of determination (R2) that represents a better
explanation or prediction power, and a measure of the goodness of fit of a particular model.
The coefficient of determination is defined as the portion of the variance of the dependent
variable explained by the independent variable(s). A coefficient of determination (R2) is
calculated as:

* - |4
where R 2 = coefficient of multiple determination
'Ey] = explained variation
'YLy1 ~ total variation in Y
The larger the absolute value of the correlation coefficient, the stronger the linear
association. The most common method to calculate the regression equation is the
least-squares method, which minimizes the sum of the squares of the deviations of the
observed points from the fitted line (errors). F statistic (the ratio of the mean square regression
to the mean square residual) is used to test regression model fit. If the probability associated
with the F statistic is small, the hypothesis that /?2= 0 is rejected.
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In order to compute regression equations, stepwise regression method in SPSS was
used. Stepwise selection of independent variables is really a combination of backward and
forward procedures and is the most commonly used method. It is a method that adds and
removes individual variables, until a model is reached such that no additional variables are
eligible for entry or removal. The independent variables prepared for the stepwise regression
include the census variables and environmental variables. The following census variables are
acquired from U.S. 1990 Census Summary Tape Files (STF) which were prepared by the
Bureau of Census (1990). Three CD-ROM databases, STF-1 A, STF-1B and STF-3A were
obtained from Louisiana State University Population Data Center.
1. Population density: The data for 1990 population density (population per square
mile)
2. Urban Population: Land use in a densely populated area containing 2,500 or more
people is considered to be urban in nature and its population urbanized.
3. Rural Population: Any sparsely settled area containing fewer than 2,500 people is
designated as rural. Rural land use and population are subdivided into rural farm and non-farm
(U.S. census Bureau 1990). These categories are summed into one category, Rural.
4. Land Area: Square miles for each tract were calculated using X-Tools extension in
ArcView Software.
5. Income: Per capita income is defined as real income divided by total population.
6. Persons below poverty level: The percentages of persons with income below
poverty level in 1989
7. Education status: Percentages of high school graduates for each census tract
8.

Owner occupation: The percentages of persons who own a house

9.

Renter occupation: The percentages of persons who rent

10. Occupation: The number of persons employed by different types of industry. To
adjust for the variation in size among tracts, the number of employees was divided by the
population of the tract in the 1990s, and the result was multiplied by 100. The occupational
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classifications were agriculture, construction, manufacturing, mining, transportation, health
services and education services. They are defined as follows:
Agriculture: Farming activity such as cultivating the soil, producing crops, and
raising livestock
Construction: General contractors in the construction of buildings, highways, bridges,
and special trades as plumbing and painting
Manufacturing: Production of a finished product which is ready for utilization, and a
semi-finished product which is transformed from a raw material.
Mining: Extraction of minerals such as cupper ores, lignite mining, crude oil and natural
gas production and natural gas liquids, oil and gas field contract filed services, salt, sulfur, sand
and gravel quarries.
Transportation: Air, water, truck, bus and pipe lines with related services
Health Services: Hospitals and health services
Education Services: Elementary and secondary schools, colleges, and other
educational services
11. Water Quality: Water quality data were obtained from Engineering Service
Drinking Water of Louisiana, Department of Health and Hospitals and Safe Drinking Water
Program, Office of Public Health. East Baton Rouge Parish drinking water is supplied from
ground water suppliers. There are 21 water systems in the parish. The number of people who
drink from these water systems in each tract was divided by the total population and the result
was multiplied by 100.
12. Toxic Release Inventory: TRI data from 1993 to 1996 were obtained from the
technical Program Support Division of the Louisiana Department of Environmental Quality.
Each facility's latitude and longitude information, zip code, facility name, and street address are
included in the database. The database also contains a record for each substance released by
each facility and the total of all releases to each medium in pounds, releases by air and water.
To normalize the variation in size among tracts, the number of pounds released was divided by
the land area.
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CHAPTER 6
RESULTS and DISCUSSION: INFANT LOW BIRTHWEIGHT
This chapter outlines the results from analyzing the infant low birthweight data. Spatial
correlogram analysis was applied to examine the spatial character and structure of infant low
birthweight in East Baton Rouge Parish and to validate the results from the subsequent cluster
detection techniques. Spatial and Space-time Scan Statistic (SATSCAN) and Geographic
Analysis Machine (GAM) cluster detection techniques were applied to test hypothesis one,
which states that there are significant spatial dusters of infant low birthweight in East Baton
Rouge Parish during the period 1993 to 1996.
For hypothesis two, which tests whether the spatial dusters were related to major
socioeconomic, cultural, and biophysical factors, non-spatial analytical methods were applied.
Logistic regression analysis was used to examine mother's maternal characteristics that may be
associated with infant low birthweight in 1993-1996, and East Baton Rouge Parish’s
socioeconomic, cultural and biophysical fadors at each scale was reviewed through statistical
summaries and maps.
For hypothesis three, which tests if infant low birthweight rates are significantly higher
among population living dose to National Priority List (NPL) sites, a focused cluster analysis
was conducted. Term low birthweight percentages in the 3 mile proximity of NPL sites were
calculated for all births, births to white mothers and births to black mothers based on the
maternal race distribution among the census block groups in the proximity zones.
For hypotheses four, which tests whether the spatial analysis results changed with the
spatial scale of the data, the above spatial analytical methods were applied at different
geographic scales, induding census trads, block groups, and blocks. The following describes
the results of the analyses.
5.1. Spatial Correlogram Analysis of Infant Low Birthweight
The infant low birthweight rates for 1993-1996 at the census block group scale in East
Baton Rouge Parish were mapped (Figure 5.1). The concentrations of high rates for infant low
birthweight for all births were in the western part of the parish. These rates confirm that East
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Infant Low Birthw eight Rates fo r 1993-1996 at the C ensus Block G roup Scale
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Figure 5.1. East Baton Rouge Parish Infant Low Birthweight Rates for 1993-1996
at the Census Block Group Scale
(Source: Compiled by author from Louisiana Office of Public Health, Vital Statistics
Birth Records)
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Baton Rouge Parish infant low birthweight rates are above the national percentage (7.4 %), and
has similar trend with the state as a whole (9.9 %). The eastern part of the parish continued to
show lower than the average infant low birthweight rates.
The spatial correlogram analysis technique determines if significant spatial
autocorrelation exists among census tracts and block groups in East Baton Rouge Parish,
Louisiana in terms of their infant low birthweight rates. The spatial-temporal patterns of low
birthweight rates in East Baton Rouge Parish in 1993,1994, 1995,1996 and 1993-1996 are
examined by utilizing this technique. Results from the correlogram analysis provide a basic
understanding and the spatial structure of infant low birthweight in East Baton Rouge Parish
and to validate the results from the cluster detection analyses. Since spatial autocorrelation
measures are highly scale dependent, the correlogram analysis among different geographic
scales provided good representations of the effect of spatial scale on spatial autocorrelation.
A two-tailed test with a significant level of 0.05 was used and a z value outside the range of 1.96
was considered significantly spatially autocorrelated in either positive or negative direction.
Normalization and randomization assumptions both represented negligible difference. This was
due to the nearly normal nature of the infant low birthweight distribution. The results based on
the normalization assumption were explained in this study.
Correlograms are used because they are less affected than variogram by deviations
from the normal distribution (Goodchild 1986). When correlogram curves are irregular and
undulating, they indicate the existence of mixed spatial scale effects. Any departures from
smooth decline in the conelogram would suggest the existence of other factors. If the curve
declines and goes up after several lags (V shape curve), it implies that similarity of infant low
birthweight rates exists for tracts that are several tracts apart. The overall spatial patterns are
likely to be heterogeneous.
The first test was to examine spatial autocorrelation of infant low birthweight annually, in
the years of 1993,1994,1995 and 1996. To gain better insight into the influence of spatial scale
on the infant low birthweight patterns, spatial correlograms were computed for both census tract
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and census block group scales. To see then the temporal scale effects on the spatial
autocorrelations, the annual data were aggregated overtime by adding all 4 years together into
a single time period of 1993-1996. Spatial correlograms for the time period 1993-1996 were
also computed using both census tract and census block group scales.
The results of the first test for spatial autocorrelation of annual infant low birthweight
rates are shown in Figure 5.2. The standardized T values for the time periods (1993,1994,
1995,1996 and 1993-1996) are shown in Appendix G. The results demonstrated mixed scale
effects and random distribution patterns. For each year, the correlogram curves were irregular
and undulating. The spatial autocorrelations computed for infant low birthweight rates were
generally below the statistically significant level, except for the negative values at lags 5 and 6
at the census tract scale. In 1993, at the census tract scale, correlogram exhibited a positive
value at lag 2 and then rapidly declined to a negative value at lag 5 and highly negative value at
lag 6. The values at the block group scale were below the significance level and exhibited a
smoothly declining curve. In 1994, at the census tract scale, the pattern was similar to 1993,
except the correlogram exhibited a highly negative value at lag 5 and increased to a positive
value at lag 6. At the block group scale, low birthweight rates had only a positive
autocorrelation point at lag 3. In 1995, at both census tract and block group scales, the spatial
autocorrelations computed for infant low birthweight rates was below the statistically significant
level. In 1996, low birthweight rates had only a positive autocorrelation at lag 3 at both census
tract and block group scales.
The results of the second test for spatial autocorrelation of term infant low birthweight
rates (1993-1996) are shown in Figure 5.3. At the census tract scale, the curve of correlogram
increased from lag 1 to lag 2 and slightly dropped at lag 3 and then dropped considerably
through lag 6. The value of positive spatial autocorrelation for term low birthweight was
significantly high at the second and the third spatial lag. There was significant autocorrelation
among the second order neighbors as well as among the third order neighbors. The first lag did
not show significant spatial autocorrelation, but it is rather dose. This indicates that tracts that
are dose to each other generally have similar values. For tracts that are four tracts or more
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Figure 5.2. Correlograms for Annual Infant Low Birthweight Rates, 1993-1996
at Census Tract and Block Group Scales
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Figure 5.3. Correlogram for Low Birth Weight, 1993-1996: Comparison between
Census Tract and Block Group Scales
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away, the similarity in infant low birthweight disappears. This shows that there is a certain
degree of spatial clustering in infant low birthweight. The correlogram showed significant
negative autocorrelation at lag 6, contrary to the former lags that had high positive
autocorrelation values. At this distance from a given tract, it is likely that tracts of dissimilar
values were present in 1993-1996. It is clear that the correlogram curve fluctuates more at the
census tract
level than at the block group level, indicating larger spatial autocorrelation values for coarser
scale. Comparing the annual years 1993,1994,1995 and 1996 with the term period
1993 -1996, It was apparent that temporal scale affected the results and subsequent
interpretation. Except in lags 5 and 6, the curve for the 1993-1996 period is distinctively
different from the curves for individual years, and it has a more dear-cut pattern than the curves
for individual years.
Investigation at multiple geographic scales provided credible information that can
answer questions about infant low birthweight dusters and examine hypothesis for which tests
whether the spatial correlogram analysis results change with the spatial scale of the data.
Using the same data with more than one level of scale helped to allay concerns about infant low
birthweight duster investigations in East Baton Rouge Parish, Louisiana. If this study only
relied on block group scale, or only annual yearly data, it would be determined only that infant
low birthweight had no statistically significant pattern of dusters in East Baton Rouge Parish.
Instead, with the temporal aggregation of the data into a term period of 1993-1996, the findings
suggested that infant tow birthweight do duster or have spatial autocorrelation at the census
tract scale. From this result, temporally aggregated data into a term period such as a temporal
duration of 5 years would be benefidal because it gives stability to the duster investigation and
risk estimation of infant low birthweight in East Baton Rouge Parish. Although how large the
temporal duration should be used is still an arbitrary dedsion, that by itself deserves further
investigation which is outside the scope of this research.
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5.2. Spatial Scan Statistics Analysis of Infant Low Birthweight
The Spatial Scan Statistic was employed to test hypothesis one, which states that there
are significant spatial clusters of infant low birthweight in East Baton Rouge Parish. To examine
the scale effects which is hypothesis four, Spatial Scan Statistic was applied at census tract,
census block group, and census block scales for infant low birthweight annual data from 1993
through 1996 and for aggregated infant low birthweight term (1993-1996) data. Since
aggregated 1993-1996 data are more stable, only the result from this temporal scale is
presented and discussed. Results of the yearly data are included in Appendix H. At each
spatial scale and temporal scale, significant clusters were detected, the most likely clusters
were centered in the mid-western part of the parish.

5.2.1. Spatial Scan Statistic Analysis at Census Block Scale
At the census block scale, the results show that there is no considerable variation of the
geographic area of the clusters in each year and in the entire period of 1993-1996. Table 5.1
shows average populations and area statistics for the most likely clusters. When the data are
aggregated into a term period of 1993-1996, it is found that low birthweight infant clusters were
similar to the annual duster patterns. The secondary dusters of each year were also deteded
for the period 1993-1996. Figure 5.4 shows the most likely dustered blocks with a significant
p-value of 0.001 in the mid-western part of the parish and the secondary dusters. Results of
the yearly data are induded in Appendix H. For hypothesis one, these findings indicated that
there are infant low birthweight dusters in the mid-western part of the parish. For hypothesis
two, which tests whether the spatial dusters are related to major sodoeconomic, cultural, and
biophysical fadors, the population density of the census blocks reveals that the spatial dusters
of infant low birthweight at the census block geographic scale are concentrated in the highly
populated urban area of the Parish (Figure 5.5). Other than the population density, it is also
possible that infant low birthweight could be related to other socioeconomic and environmental
fadors or a specific and more local risk fador, such as an environmental fador. Since spatial
dusters of infant low birthweight at the census block scale are concentrated in the highly
populated urban area of the parish, where traffic exhaust fumes and radon are potential health
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Table 5.1. The most likely clustered census blocks in East Baton Rouge Parish
Year
1993
1994
1995
1996
1993-1996

Number of the
most likely
clustered
blocks
2548
2487
2089
2584
2657

Area in
Acres

Average
Population Density

Average Population
per Block

3821.929
2354.418
3104.571
2459.562
4044.38

4890.57
5065.09
4858.69
4951.28
4915.51

50
46
53
48
50
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Figure 5.4. Spatial Scan Statistic Cluster Analysis at the Census Block Scale:
Infant Low Birthweight Clusters in East Baton Rouge Parish, 1993-1996
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Population Density: East Baton Rouge Parish C ensus Blocks
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Figure 5.5. Population Density of East Baton Rouge Parish Census Blocks
(Source: U.S. Tiger Files 1990)
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hazards. It is apparent that the clustered census blocks include NPL sites and petrochemical
industries along the Mississippi River with high concentrations of TRI releases (Refer to Figure
4.6). At the block scale, the available demographics are rather limited. In order to test
hypotheses two and three, seeking for a relationship with more sophisticated demographic
variables such as poverty or age distribution, analysis at the census block group and tract levels
were conducted instead.
For testing hypothesis four, which tests whether the spatial analysis results change with
the spatial scale of the data, the findings suggest that at the census block scale, there was not a
distinct detection of temporal scale effect
5.2.2.Scan Statistic Analysis at Census Block Group Scale
At the census block group scale, for hypothesis one, Figure 5.6 exhibits a pattern of
spatial low birth weight dusters with a significant p-value of 0.001 in the mid-western part of
East Baton Rouge Parish. In order to test hypothesis two, sodo-economic and demographic
variables from the 1990 census data furnish reasonable to very good descriptions of the spatial
clusters of infant low birth weight. Population density is found to be a reasonably strong
covariate of infant low birth weight dusters at the census block group geographic scale. Each
year, the population density of the most likely dustered block groups (average of 4000) was
always higher than East Baton Rouge Parish population density (3137.9). Table 5.2 shows the
population demographics of the most likely dusters at the census block group scale comparing
with the parish census block group demographics.
The manner in which ethnicity enters the descriptions of the East Baton Rouge parish
landscape merits spedal attention. The concern is spatial coincidence between low birth weight
dusters and minority status. The percentage of black female population was found to correlate
with infant low birth weight, displaying some interadion between the race of the mother and the
infant low birth weight. Table 5.2.shows the population of black women between the
childbearing age of 15 to 45 in the most likely dustered block groups. This figure is a lot higher
than the population of white women between the childbearing age of 15 to 45 in the same
dusters. Figure 5.7 presents black women between the childbearing age of 15 to 45
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Spatial Clusters of Infant Low Blrthweight_1993-1996
| |p = 0.001 The most likely clusters
I Ip = 0.423 The secondary clusters
I iEast Baton Rouge Parish Census Block Groups

Figure 5.6. Spatial Scan Statistic Cluster Analysis at the Census Block Group Scale:
Infant Low Birthweight Clusters in East Baton Rouge Parish, 1993-1996
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Table 5.2. Population Demographic of the most likely clusters at the census block group scale
Year
1993
1994
1995
1996
1993-1996
EBR

The Most
Likely
Clusters
153
150
141
180
151

Populaton
per Square
Mile
4058.5
4289.2
3815.2
3889.6
4308.4
3137.9

%
Black Female
15-45
36.9%
38.28%
36.33%
33.86%
38.04%
18.27%

%
White
Female
15-45
9.8%
8.17%
9.86%
11.98%
8.54%
31.18%
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%
Population of
Highschool
Graduates
16.97%
16.72%
17.75%
17.07%
16.56%
14.9%

Distribution of Back Female between the age of 15-45
0-0.071
10.071-0.196
| 0.196 - 0.341
0.341 - 0.478
0.478 - 0.913

Figure 5.7. Distribution of Black Females between the age of 15-45 in East Baton
Rouge Parish
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normalized to the whole female population of the parish. This reveals that the percentage of
black female population is a good predictor of the most likely clustered infant low birthweight
block groups.
The census-based poverty indicators used at the block group scale were percent of
population below poverty, per capita income, median value house, median rent, owner
occupation, renter occupation, the number of vacant lots, and the number of mobile homes.
Table 5.3 represents the statistics of these poverty indicators in the most likely clustered block
groups comparing with the parish block group statistics. Per capita income appears to correlate
with the low birth weight. The most likely clustered block groups have income less than
$ 20,000. This figure is considerably less than the parish per capita income $ 27,639. Figure
5.8 shows the distribution of income normalized by 1990 census population. Percent of
population below poverty is more than 32 % in the most likely dustered block groups,
comparing with parish percent of population below poverty which is 23 %. Figure 5.9 reveals
the poverty status of the most likely dustered block groups to the parish as a whole. The
average median value of a house is less than $ 47,254 in the dustered areas, whereas the
median value of a house is average $ 63,973 in the parish as a whole. Owner occupation is
relatively higher in the most likely dustered areas. This shows the vulnerability of the dusters to
the residential exposure. The effeds of living in the vidnity of polluting industrial plants may
play an important role in East Baton Rouge Parish. This can be explained by long period of
residential exposure by property owners than renters. The residential risk might be shown in the
group of property owners with ten or more years of residential exposure. The most likely
dustered block groups indude the petrochemical industries along the Mississippi River and the
NPL sites in the northern block groups of the dustered area. The high percentages of TRI
releases are located in the most likely dustered area (Refer to Figure 4.6). Rates of term low
birthweight around the NPL sites will be examined in the focused dustering section of this
chapter.
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Table 5.3. Poverty-indicators of the most likely clusters at the census block group scale
Year

The Most
Likely Clusters

1993
1994
1995
1996
1993-1996
EBR

153
150
141
180
151

%
Population
below
Poverty
35%
36%
33%
32%
36%
23%

%
Income Median Median
Rent
Value
Owner
Occupation
House
17404
16485
18587
18983
16435
27639

43707
43147
46403
47254
43319
63973

335
326
350
336
376
394

%
Renter
Occupation

57.69%
55.32%
58.99%
59.31%
54.86%
62.88%
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38.27%
40.54%
36.89%
36.99%
41.04%
33.82%

Per Capita Income Distribution in East Baton Rouge Parish
O -14457
14458 - 23708
23709 - 35357
35358 - 50738
50739 - 95518

B

1

Figure 5.8. Per Capita Income among Census Block Groups in East Baton
Rouge Parish
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Percentage of People Below Poverty
0-0.12
_____ 0.12-0 .26
1S53 0.26-0.42
WM 0.42-0.59
0.59 -0.91

R

Figure 5.9. Percentage of People Below Poverty among Block Groups in East
Baton Rouge Parish
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Spatial Clusters of Infant Low Birthweight_1 993-1996
|
|p = 0.001 The most likelyclusters
|
[p = 0.942 The secondary clusters
I
|East Baton Rouge Parish Census Tracts

Figure 5.10. Spatial Scan Statistic Cluster Analysis at the Census Tract Scale:
Infant Low Birthweight Clusters in East Baton Rouge Parish, 1993-1996
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5.2.3.Scan Statistic Analysis at Census Tract Scale
Infant low birthweight dusters at census tract scale had similar pattern as census block groups
and blocks. Figure 5.10 exhibit a pattern of spatial infant low birth weight dusters with a
significant p-value of 0.001 in the mid-western tracts of East Baton Rouge Parish. A secondary
cluster with a p-value 0.942 at the very southern part of the parish was detected. In the years of
1993,1994, the spatial infant low birthweight dusters were the same and concentrated in the
western part of the parish. In 1995, the cluster expanded towards the mid-east and in 1996, the
cluster covered the mid-tracts of the parish. Comparing the annual years with the term period
1993 -1996, there was not a big considerable variation of the geographic area of the dusters,
but a slight appearance of temporal scale effect. Results of the yearly data are induded in
Appendix H.
The sodo-demographic variables that were examined at the block group scale were
also strong at the census tract scale. The most likely dustered trads were concentrated in the
urban trads of the parish. Figure 5.11 reveals the distribution of urban versus rural population in
East Baton Rouge Parish Census Trads. Land use in a densely populated area containing
2,500 or more people is considered to be urban in nature and its population urbanized.
Any sparsely settled area containing fewer than 2,500 people is designated as rural. There is
almost a distindion between black and white population distribution as west trads are
dominantly black and east tracts are dominantly white. Figure 5.12 shows this distinction. By
visually interpreting the age distribution among the tracts. Figure 5.13 show that age 18 to 29
and age 30 to 49 are the most dominant age groups in the most likely clustered trads. This
shows the concentration of women at a childbearing age in the dustered area.
From the visual interpretation of the distributions (Figure 5.14), high percentages of
people below poverty are concentrated in the most likely dustered areas. Spedal attention is
focused on the coinddence between high percentage of black population and the poverty
status. Inadequate nutrition, limited access to health care, maintaining sanitary living
conditions, mother’s life style are important indicators of the poverty status. By visual
interpretation of the distribution of high school graduates in the parish show that the high school
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Figure 5.11. Urban and Rural Population Percentages to the Total Population by Census Tract in East Baton Rouge Parish
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Distribution of Whits Population Among Tracts
l 0 -0 .1 5
1 0.15 -0.33
I 0.33-0.58
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Distribution of Black Population Among Tracts
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Figure 5.12. White and Black Population to the Total Population by Census Tract in East Baton Rouge Parish
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Age 18-29

0.11

0.16
0.16 0.23
0 .2 3 -0 .3 6
0.36 - 0.53
0 .5 3 -0 .8 3

Age 50-64
0 -0 .0 5
0.05 - 0.09
0 .0 9 -0 .1 2
0 .1 2 -0 .1 8
0 .1 8 -0 .2 5

Age 30-49
0 .0 9 -0 .1 6
0 .1 6 -0 .2 6
0.2 6-0.31
0.31 -0 .3 8
0 .3 8 -0 .5

Age 65 and over
0 -0 .0 6
0 .0 6 -0 .1
0.1 -0 .1 4
0 .1 4 -0 .1 9
0 .1 9 -0 .2 7

Figure 5.13. Percentages of Age Distribution to the Total Population by Census Tract in East Baton Rouge Parish
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Figure 5.14. Distributions of Percentages of People Below Poverty and Highschool Graduates to the Total Population in
East Baton Rouge Parish

graduates are concentrated in the north eastern tracts of the parish. The most likely clustered
tracts were reasonably lower than those northeastern tracts. Other than socioeconomic factors,
it is also possible that infant low birthweight could be related to a specific and more local risk
factor, such as an environmental factor. It is apparent that the clustered census tracts include
NPL sites and petrochemical industries along the Mississippi River with high concentrations of
TRI releases (Figure 5.15). Since spatial clusters of infant low birthweight at the census tract
geographic scale are concentrated in the highly populated urban area of the Parish, traffic
exhaust fumes, and radon are the potential health hazards. The drinking water wells and the
population they serve are presented in Figure 5.15. The 21 water systems and the water wells
under each system do not serve drinking water equally. Because of the water table depth and
availability of water, some of the water wells are located in Ascension Parish and the water is
pumped to East Baton Rouge Parish. The lack of information regarding consumption of bottled
water data by the mothers in the parish renders the difficulty of a possible correlation.
The results from Scan Statistic Analysis show that infant low birth weight clustered in
the mid-westem part of East Baton Rouge Parish, and the same clusters were found at each
geographic scale. There was no considerable variation of the geographic area of the dusters.
For hypothesis two, which tests whether the spatial dusters were related to major
socioeconomic, cultural, and biophysical fadors, East Baton Rouge Parish sodeconomic,
cultural and biophysical fadors at each scale was reviewed through statistical summaries and
maps. At the census block scale, population density was found to be a reasonably strong
covariate of spatial infant low birthweight dusters. At the census block group scale, from the
visual interpretations of the distributions, the spatial infant low birthweight dusters are
charaderized by high population density, high percentage of black female population between
the childbearing age of 15 and 45, high percentage of population below poverty, low per capita
income and high percentage of owner occupation. At the census trad scale, the sociodemographic variables that were examined by visual interpretations at the block group scale
were also strong. The distribution of urban versus rural, ethnicity, age distribution, poverty level,
education, and high concentrations of TRI releases were the possible indicators of spatial
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Figure 5.15. Environmental Data by Census Tract: Toxic Release Inventory and Population Distribution of Drinking Water Served

infant low birthweight clusters. Mothers' maternal characteristics that may be associated with
spatial infant low birthweight clusters in the period of 1993-1996 will be examined further by
logistic regression analysis discussed later in this chapter.
For hypothesis four, which tests whether the spatial analysis results change with the
spatial scale of the data, the results of the period 1993-1996 at each geographic scale were
compared (Figure 5.4, Figure 5.6 and Figure 5.10). The findings suggested that the number of
secondary clusters decreased as the scale increased. In other words, more secondary clusters
were found at the census block scale. There were not much variations of the locations of the
most likely dusters at each scale, indicating the robustness of the duster detection results.
Minor changes in the size of the duster occur in the yearly data, indicating a slight temporal
scale effect at the census block group and trad scales. There was not a distinct detection of
temporal scale effect at the census block scale.

5.3. Geographic Analysis Machine
The dusters obtained from the GAM analysis showed similar pattern as the dusters
obtained from Scan Statistic Analysis. GAM showed dusters in a continuous form. Secondary
clusters in the Scan Statistic analysis were induded in the GAM dusters. Figure 5.16 to Figure
5.21 show the geographical distribution of significant drdes at each geographic scale. The
areas of greatest interest are where large numbers of drdes overlap giving a visual indication of
strength of deviation from Poisson expectation. All the areas of deviation from Poisson
expectations are identified on maps (Figure 5.16-5.21). The infant low birthweight patterns at
each geographic scale showed the well known dusters concentrated in the mid-western part of
the parish. The weaker, less dense dusters in the very southern and the very northern part of
the parish are probably spurious. But they might also suggest the existence of a number of
different but geographically localized infant low birthweight causes. In Figure 5.16, the duster
at the bottom of 1994 block group map is probably too dose to the study region boundary to be
sure about its significance. The patterns at the block group and trad scales are more diffused
and less concentrated than the census block scale.
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Spatial Clusters of Infant Low Birthweight, 1993

Spatial Clusters of Infant Low Birthweight, 1994

Figure 5.16. Geographic Analysis Machine Results at the Census Block Group Scale
Infant Low Birthweight Clusters in East Baton Rouge Parish, in the years of 1993 and 1994

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Spatial Clusters of Infant Low Birthweight, 1995

Spatial Clusters of Infant Low Birthweight, 1996

Figure 5.17. Geographic Analysis Machine Results at the Census Block Group Scale
Infant Low Birthweight Clusters in East Baton Rouge Parish, in the years of 1995 and 1996
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Spatial Clusters of Infant Low Birthweight, 1993

Spatial Clusters of Infant Low Birthweight, 1994

Figure 5.18. Geographic Analysis Machine Results at the Census BlocK Scale
' Low Birthweight Clusters in East Baton Rouge Parish, in the years of 1993 and 1994
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Spatial Clusters of Infant Low Birthweight, 1995

Spatial Clusters of Infant Low Birthweight, 1996

Figure 5.19. Geographic Analysis Machine Results at the Census Block Scale
Infant Low Birthweight Clusters in East Baton Rouge Parish, in the years of 1995 and 1996
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Spatial Clusters of Infant Low Birthweight, 1993

Spatial Clusters of Infant Low Birthweight, 1994

Figure 5.20. Geographic Analysis Machine Results at the Census Tract Scale
Low Birthweight Clusters in East Baton Rouge Parish, in the years of 1993 and 1994
1
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Spatial Clusters of Infant Low Birthweight, 1995

Spatial Clusters of Infant Low Birthweight, 1996

Figure 5.21. Geographic Analysis Machine Results at the Census Tract Scale
Infant Low Birthweight Clusters in East Baton Rouge Parish, in the years of 1995 and 1996

GAM results show where the clusters are and where to focus subsequent investigations. Like
Scan Statistic analysis, small area data were examined to see where precisely the real dusters
of infant low birthweight are located. In GAM, it is possible that many apparent dusters
identified will turn out to be spurious events where data and circles happened to coincide to
yield unstable and misleading results.
On the other hand, as in the midwestem area of the parish, some dusters do seem to
be suffidently robust to survive and will therefore require more detailed micro studies to identify
the causal agents involved, as well as long term monitoring to see whether the effects persist.
The results from GAM analysis confirmed the spatial infant low birthweight dusters
obtained from Scan Statistic analysis. Since secondary dusters in the Scan Statistic were
induded in the GAM dusters, geographic areas of the GAM dusters were slightly bigger. The
sodoeconomic and demographic variables that were found to characterize the Scan Statistic
spatial infant low birthweight dusters were very much applicable to the GAM dusters because
they too concentrated in the mid-western part of the parish.

5.4. Analysis of Individual Predictors of Infant Low Birth Weight
Hypothesis two tests whether the spatial dusters are related to major socioeconomic,
cultural, and biophysical fadors. In the previous section of this chapter, statistical summaries
and maps revealed systematically at each scale the socioeconomic and demographic
charaders of the resultant spatial infant low birthweight dusters obtained from Scan Statistic
and GAM duster detection techniques. Here, in this section, mother's maternal charaderistics,
which are the individual predidors of infant low birthweight, are examined by analyzing the 1993
through 1996 East Baton Rouge Parish vital statistics birth data through a logistic regression
model. The following maternal characteristics were evaluated: race, sex of the newborn, age.
marital status, education, gestation, prenatal visits, multiple birth, alcohol use, and tobacco use.
Table 5.4 shows the comparison of the maternal charaderistics of the total mothers to
the maternal charaderistics of the mothers who gave birth to low birthweight infants in the
period of 1993-1996. Table 5.5 compares the maternal charaderistics of the mothers who gave
birth to low birthweight infants, by race. The statistics of the maternal charaderistics for each
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Table 5.4. Comparison of the maternal characteristics of the total mothers to the maternal
characteristics of the mothers who gave birth to low birthweight infants in the period 1993-1996
Maternal Characteristics
Number of Births
White Mothers
Black Mothers
Other Race Mothers
Multiracial Mothers
Age less than 20
Age between 20 and 29
Age between 30 and 39
Age 40 and above
Married Mothers
Unmarried Mothers
EducationJess than 12 years
Education_12 years and more
Gestation weeksjess than 37
Gestation weeks_ 37 and more
Total Prenatal Visit less than 9
Total Prenatal Visit 9 and more
Birth Multiple_one birth
Birth multiple_more than one
Alcohol Use_Yes
Alcohol Use_No
Tobacco Use_Yes
Tobacco Use_No

Total Births(%)
21997
49.19
48.43
2.19
0.19
15.39
53.56
29.68
1.37
59.23
40.77
18.93
81.07
11.28
88.72
16.38
83.62
97.28
2.72
1.08
98.92
5.29
92.44

Low Birthweight Cases(%)
2280
28.64
70.04
1.36
0.22
20.22
51.93
25.96
1.89
40.39
59.61
27.54
72.46
68.33
31.67
40.48
59.52
83.51
16.49
3.2
96.8
14.74
85.26
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Table 5.5. The maternal characteristics of the mothers who gave birth to low birthweight
infants, by race.
Maternal Characteristics
Birthsjess than 2500 grams
Age less than 20
Age between 20 and 29
Age between 30 and 39
Age 40 and above
Married Mothers
Unmarried Mothers
Educationjess than 12 years
Education_12 years and more
Gestation weeksjess than 37
Gestation weeks_ 37 and more
Total Prenatal Visit less than 9
Total Prenatal Visit 9 and more
Birth Multiple_one birth
Birth multiple_more than one
Alcohol Use_Yes
Alcohol Use_No
Tobacco Use_Yes
Tobacco Use_No

White(%)
6.03
10.87
52.53
34.61
1.99
76.72
23.28
15.93
84.07
69.37
30.63
22.66
77.34
74.89
25.11
1.53
98.47
12.86
87.14

Black(%)
14.93
24.39
51.67
22.25
1.70
24.51
75.49
32.31
67.69
68.64
31.36
48.15
51.85
86.86
13.14
3.96
96.04
15.71
84.29

Other(%)
6.43
0.00
58.06
35.48
6.45
87.10
12.90
32.26
67.74
96.77
67.74
25.81
74.19
90.32
9.68
0.00
100.00
6.45
93.55

Multi-Radal(%)
12.19
40.00
20.00
20.00
20.00
60.00
40.00
0.00
100.00
60.00
40.00
20.00
80.00
100.00
0.00
0.00
100.00
0.00
100.00
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year’s birth records are included in Appendix I. The term low birthweight rate in the years of
1993-1996 remains 10.36 % in East Baton Rouge Parish, which is higher than the nation (less
than 9 %). In the years of 1993 through 1996, the rates were 9.80 %, 11.79 %, 10.85 %, and
11.32 % respectively. Out of all these low birth weight cases, black mothers shared at least 60
% of those low birthweight cases each year. Again the percentage of teenage mothers was the
highest among black mothers. The low gestation duration was remarkably high among the low
birth weight cases. Insufficient prenatal visit was also high among the low birthweight cases.
As explained in Chapter 4, in the logistic regression section, the logistic coefficient can
be interpreted as the change in the log odds associated with a one-unit change in the
independent variable. The coefficients that make observed results most “likely* are selected.
The resultant Table 5.6 contains the estimated coefficients (under column heading B) and
related statistics from the logistic regression model that predicts infant low birthweight from a
constant and the indicator variables. The value of 1 for marital status indicates unmarried
mothers, the value 1 for total prenatal visits indicates insufficient number of visits. The coding
for each variable is broadly explained in Chapter 4. Table 5 .6 shows that the Wald Statistic has
degrees of freedom equal to one less than the number of categories. The Wald Statistic has a
chi-square distribution. When a variable has a single degree of freedom, the Wald Statistics is
just the square of the ratio of the coefficient to its standard error. The significance level for the
Wald Statistic is shown in the column labeled Sig(significance). The results show that the
coefficients for race, age, marital status, gestation, total prenatal visits, birthmultiple, tobacco
use and the sex of the newborn appear to be significantly different from 0, using a significance
level of 0.05.
Compared to high values for low birthweight, low and medium values are associated
with decreased log odds of low birthweight. The low category decreases the log odds more
than the medium category. For example. Marital(1) representing the unmamed mothers is
considered as low category and is associated with decreased log odds of low birthweight. In
other words, as the unmarried mothers increase in value, so does the likelihood of low
birthweight occurring. Since they have only two categories, the interpretation of the resulting

165

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Table 5.6. Logistic Regression Results: variable in the equation.
Variable

B

S.E.

.9 9 6 7
.4 2 6 7
.6 2 2 4

.5 7 3 1
.2 1 8 6
.0 7 2 7

.1 4 9 2
.5 7 2 2
.0 5 2 9
-.2 2 4 4
.0 8 3 0
-3 .4 4 2 5
-.6 4 1 2
-2 .0 8 5 4
-.2 3 0 2
-.6 1 0 0
.4 0 4 2
2 .9 2 6 8

.0 8 8 1
.2 2 1 1
.0 7 2 2
.0 7 5 7
.0 7 9 2
.0 6 0 0
.0 6 8 3
.1 2 2 2
.2 1 5 5
.0 9 8 2
.0 5 8 8
.2 5 4 3

RACE
R A C E (1 )
R A C E (2 )

RACE (3)
AGE
A G E (1 )

AGE (2)
A G E (3 )

MARITAL(1)
E D U C A T IO (1 )

GESXATXO(1)
TOTALPRE(1)
BIRTHMUL(l)
ALCO HO LU(1 )

TOBACCOU(l)
IMFSEZ(l)
C o n s ta n t

Wald
7 4 .8 0 4 5
3 .0 2 4 5
3 .8 1 1 1
7 3 .3 1 5 1
9 .1 5 9 2
2 .8 6 8 0
6 .6 9 7 9
.5 3 6 1
8 .7 9 0 1
1 .0 9 6 8
3 2 9 2 .1 3 3
8 8 .2 0 9 8
2 9 1 .0 0 5 2
1 .1 4 1 6
3 8 .5 8 2 2
4 7 .2 1 8 1
1 3 2 .4 1 7 5

d£
3
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

SI9
.0 0 0 0
.0 8 2 0
.0 5 0 9
.0 0 0 0
.0 2 7 2
.0 9 0 4
.0 0 9 7
.4 6 4 0
.0 0 3 0
.2 9 5 0
.0 0 0 0
.0 0 0 0
.0 0 0 0
.2 8 5 3
.0 0 0 0
.0 0 0 0
.0 0 0 0

R
.0 6 8 5
.0 0 8 4
.0 1 1 1
.0 6 9 8
.0 1 4 7
.0 0 7 7
.0 1 7 9
.0 0 0 0
-.0 2 1 5
.0 0 0 0
-.4 7 3 9
-.0 7 6 7
-.1 4 0 4
.0 0 0 0
-.0 5 0 0
.0 5 5 6
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coefficients for marital status, gestation, total prenatal visits, birthmultiple, tobacco use and the
sex of the newborn is straightforward. It tells the difference between the log odds when a case
is a member of the ‘poor* category and when it is not. For example, from Table 5.6 the
coefficient for tobacco users (Tobaccou[1 D is -0.6100. This shows that when the tobacco use
changes from 0 (non-tobacco user) to 1(tobacco user) and the values of the other independent
variables remain the same, the log odds of low birthweight occuring increase by -0.6100. Since
it is easier to think of odds rather than log odds, the odds of having a low birth weight newborn
of a tobacco user mother is estimated by calculating the exponent of the coefficient, Exp(B).
The results show that rate of low birthweight among mothers who use tobacco is 0.54 times as
great as those non-tobacco users. In other words, the odds of having a low birth weight
newborn of a tobacco user mother is slightly over half of the non-tobacco users in East Baton
Rouge Parish. The tobacco usage among mothers with low birthweight newborns was always
higher than 12 % for each year between 1993 through 1996. Among all the race categories, the
tobacco usage among black mothers with low birthweight newborns was higher than all the
other races. In the period of 1993-1996, the percentage of tobacco users among black mothers
with low birthweight infant was 15.71 %, comparing with 12.86 % of white mothers and 6.45 %
of other races (Table 5.5).
When the same procedure is applied to other independent variables, the following
results are obtained. The marital status of the mother had a significance of 0.0030, which is
smaller than the significance level of 0.05. Rate of occurrence of low birthweight among
unmamed mothers is 0.79 times as great as married mothers. This is 79 % greater than the
married mothers. When referred to the statistics of these variables, unmamed mothers with low
birthweight infant among black mothers between 1993 through 1996 is almost 75.49 %. This is
much higher than the 23.28 % of white mothers and 12.90 % of mothers with other races.
The total prenatal visit of the mother was a highly significant variable. The odds of
having a low birth weight infant for a mother with insufficient prenatal care is 52 % greater than
for a mother with sufficient prenatal care. The percentage of black mothers with low birthweight
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infant who have insufficient prenatal care is 48.15 %. Among white mothers with low birthweight
infant, the percentage of insufficient prenatal care is 22.66 %.
The increased risk of low birthweight was also associated with decreased gestational
period and the amount of births the mother had. These variables were highly significant Given
these coefficients in table 5.7, considering a woman who has a gestation period less than 37
weeks and births more than one, it is found:
Z = 2.9268 -(-3.4425) (1)+(-2.0854) (1) =4.2839
The probability of low birthweight is then estimated to be:
Prob(low birthweight) =

-—

=1. 013

Based on this estimate, since the probability is greater than 0.5, it is predicted that the low
birthweight will occur among those mothers.
The sex of the newborn baby was also a significant variable. Rate of low birthweight
occurring among female newborns is 1.49 times as great as male newborns. This is slightly less
(49 %) than half of probability of low birthweight occurring among the male newborns.
The risk of low birthweight was unrelated to mother's education. The percentage of
mothers with less than 12 years of education was slightly over 32 % among black mothers and
mothers of other races with low birthweight infants. This figure is only 15.93 % for white
mothers. Another variable that did not show any significant effect was alcohol use.
Since variables of age and race were the variables with more than two categories, the
coefficients represent the effect of each category compared to a reference category. The value
of the coefficient for the reference category or the last category is 0 and it is not displayed in the
regression resultant table (refers to table 5.7). For example, white mothers. Race (4),
represents the reference category with high levels for the race variable and noticeably, it is not
displayed in the coefficients table. The variable Race (1) is the indicator variable for multi racial
mothers. Race (2) represents other races. Race (3) is for black mothers. The coefficient for
Race (1) is the change in log odds when the low value is compared to a high value. Similarly,
the coefficient Race (2) is the change in log odds when a medium value is compared to a high
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value. The interpretation of mother's race associated with low birth weight will be through
interpreting the coefficients for these variables that represent the effect of each category
compared to the reference category which is white mothers.
The race category was also a significant variable. Among all the races, the results
show that the coefficients for black mothers appear to be significantly different from 0, using a
significance level of 0.05. Rate of occurrence of low birthweight among black mothers is 1.87
times as great as the white mothers. In other words, the odds of having a low birth weight
newborn of a black mother is 87 % more than a white mother in East Baton Rouge Parish.
Even though the percentage of black mothers (48.43) who have given birth is slightly less than
the white mothers (49.19) in the period of 1993 through 1996 in East Baton Rouge Parish, the
percentage of black mothers with low birth weight infant (70.04) in the same period is much
higher than those of white mothers (28.64 %).
The age distribution was a highly significant variable. The variable Age (1) is the
indicator variable for mothers less than 20 years of age. Age (2) represents old mothers over
the age of 40. Age (3) indicates mothers of 30 to 39 years of age. Among all the other age
categories, the results show that the coefficients for mothers over 40 years old appear to be
significantly different from 0, using a significance level of 0.05. The reference category for the
age variable was mothers of 20 to 29 years of age. The rate of occurrence of low birth weight
among old mothers is 1.77 times as great as the rate of low birth weight occurrence among
mothers of 20 to 29 years of age. In other words, the odds of having a low birth weight newborn
of a mother more than 40 years old is 77 % higher than the mothers of 20 to 29 years of age in
East Baton Rouge Parish.
In the logistic regression model, the drinking water data such as consumption of bottled
water data by the mothers were not included because of the limitations on the drinking water
data. The initial objective was to utilize drinking water contamination, particularly volatile
organic compounds as an environmental indicator of exposure. In the 1993-1996 time period,
the detected volatile compounds found in the parish drinking water wells were aluminum,
beryllium, chromium, nitrate-n, nitrite, arsenic, cadmium, zinc, arsenic, beryllium, chromium, and
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thallium. Except in the case of thallium, the drinking water wells in the resultant most likely
clustered block groups of Scan Statistic and GAM analyses had similar compounds comparing
with the rest of the parish. Thallium was found only in the drinking water wells located in dose
proximity to the NPL sites and the contaminated Devil's swamp area. Thallium is a metallic
element and used in the manufacture of glass. It is a further investigation to find out if there is
an ecological correlation between low birthweight and thallium exposure. The quality of current
water data proved to be infeasible for further study because of the large number of public water
sources, high proportion of residents with private wells, the limited sampling of public water
supplies for selected VOCs (once every 5 years), and overlapping, ill-defined service areas
precluding geocoding of the data.

5.5. Focused Cluster Analysis of Infant Low Birthweight
For Hypothesis three, which tests if infant low birth weight rates are significantly higher
among population living dose to National Priority List (NPL) sites, a focused cluster analysis
was conducted. Term low birthweight percentages in the 3 mile proximity of the Scenic
Highway and Brooklawn locations of Petro-Processors NPL site were calculated for all births,
births to white mothers and births to black mothers based on the maternal race distribution
among the census block groups in the proximity zones.
Table 5.7 shows the comparison between East Baton Rouge Parish and the 3-mile
proximity of the Scenic highway and Brooklawn locations of Petro-Processors NPL site in terms
of term low birthweight and fertility rates. No significant elevations in term low birthweight rates
were observed for total births or race-specific births in any of the two sites. In the 3-mile
proximity of the Scenic highway location, the term low birthweight rates for whites (6.06 %) and
blacks (13.59 %) were lower than the East Baton Rouge Parish rates (28.64 % and 70.04 %).
Fertility rate for blacks (6.96 %) was slightly higher than whites (6.37 %) in the 3-mie proximity
of Scenic highway location and they were both lower than the parish fertility rates for blacks
(17.61 %) and whites (29.44 %). In the 3 mile proximity of Brooklawn location, the term low
birthweight rates for whites had a significant reduction with no observed infant low birthweight to
a white mother. Term low birthweight rate for black mothers (12.5 %) were lower than the East
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Table 5.7. East Baton Rouge Parish Term Low Biithweights within a 3 mile buffer of
Petro-Processors NPL Site, Scenic Highway and Brooklawn Locations, 1993-1996
Brooklawn

Scenic Highway

EBR

Number

%
per
100

%
per
100

Number

%
per
100

Births

Number

All Births
White
Black

21997
10820
10654

49.19
48.43

202
99
103

White Female between 15-45
Black Female between 15-45

61424
36182

17.61
29.44

1554
1479

6.37
6.96

456
906

0.43
6.18

Infant Low Birthweight
White
Black

2280
653
1597

10.36
28.64
70.04

20
6
14

9.9
6.06
13.59

7
0
7

12.06
0
12.5

58
2
56
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Baton Rouge Parish rate (28.64 % and 70.04 %). The fertility rate for white mothers (0.43 %)
inthe 3 mile proximity of Brooklawn site is significantly lower than the fertility rate for black
mothers (6.18 %).
5.6. Summary
The purpose of this chapter was to examine the spatial structure and character of infant low
birthweight by testing four hypotheses. The spatial correlogram results show that there is a
certain degree of spatial clustering in infant low birthweight. Tracts that are dose to each other
generally had similar values, and for trads that were four tracts or more away, the similarity in
infant low birthweight disappeared.
1. For hypothesis one, which states that there are significant spatial dusters of infant low
birthweight in East Baton Rouge Parish during the period of 1993 to 1996, both Spatial and
Space-time Scan Statistic (SATSCAN) and Geographic Analysis Machine (GAM) duster
detection techniques resulted in the same spatial clusters of infant low birthweight, which were
centered in the mid-westem part of the parish.
2.

For hypothesis two, which tests whether the spatial dusters were related to major

socioeconomic, cultural, and biophysical factors, logistic regression analysis was applied
to examine mother’s maternal characteristics that may be assodated with infant low birthweight
in the period of 1993-1996. The results show that increased risk of low birthweight was
associated with race, sex of the newborn, age, marital status, gestation, prenatal visits, multiple
birth, and tobacco use. The risk of low birthweight was unrelated to mother’s education and
alcohol use. Black mothers and mothers over 40 years old were more likely to have low
birthweight infants comparing to other race and age categories. The sodoeconomic, cultural
and biophysical factors at each scale was reviewed through statistical summaries and maps.
The census-based poverty indicators, such as percent of population below poverty, per capita
income, median value house, and median rent compared poorly in the spatial infant low
birthweight dusters with the parish averages. In other words, the duster is charaderized by low
per capita income, high percentage of population below poverty, low median value house and
low median rent.
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3. For hypothesis three, which tests if infant low birth weight rates are significantly
higher among population living dose to the two National Priority List (NPL) sites, a focused
cluster analysis was conducted. No significant elevations in term low birthweight rates were
observed for total births or race-specific births in the vicinity of the NPL sites.
4. For hypotheses four, which tests whether the spatial analysis results change with the
spatial scale of the data, the spatial analytical methods were applied at different geographic
scales. It was dear that the correlogram curve fluduated more at the census tract level than at
the block group level, indicating larger ranges of spatial autocorrelation values at coarser scale.
Using the temporal aggregation of the data into a term period of 1993-1996, the findings
suggested that infant low birthweight do duster or have spatial autocorrelation at the census
tract scale, it was found that temporally aggregated data into a term period such as a temporal
duration of 5 years would be beneficial because it gives stability to the duster investigation and
risk estimation of infant low birthweight in East Baton Rouge Parish.

•

At each spatial scale and temporal scale, significant dusters were deteded. The
findings suggested that the number of secondary dusters decreased as the scale increased.
More secondary dusters were found at the census block scale. Minor changes in the size of
the duster occur in the yearly data, indicating a slight temporal scale effed at the census block
group and trad scales. There was not a distind detection of temporal scale effed at the census
block scale.
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CHAPTER 6
RESULTS and DISCUSSION: CANCER MORTALITY
This chapter outlines the results from analyzing the cancer mortality data. Statistical
mapping by standard deviation classification and spatial correlogram analysis were applied to
examine the spatial character and structure of cancer mortality in East Baton Rouge Parish.
Spatial and Space-time Scan Statistic (SATSCAN) duster detection technique was applied to
test hypothesis one which states that there are significant spatial dusters of cancer mortality of
major cancer types in East Baton Rouge Pansh during the period of 1993 to 1996.
For hypothesis two, which tests whether the spatial dusters were related to major
socioeconomic, cultural, and biophysical factors, multiple regression analysis was applied. The
socioeconomic, cultural, and biophysical factors at the census block group scale was reviewed
through statistical summaries and maps.
For Hypothesis three, which tests if cancer mortality rates are significantly higher
among population living dose to the two National Priority List (NPL) sites, a focused duster
analysis was conduded using the Standard Mortality Ratios (SMRs) method.
For hypotheses four, which tests whether the spatial analysis results changed with the
spatial scale of the data, the above spatial analytical methods were applied at the three scales,
such as census tracts, block groups and blocks. The following describes the results of the
analyses.

6.1. Statistical Mapping of Cancer Mortality
In examining the cancer mortality patterns by trad and block group from 1993 to 1996,
the age-adjusted cancer mortality rates were mapped using the standard deviation method.
The geographic distributions of cancer mortality rates for all cancer sites (lung, female breast,
colon, pancreatic and prostate cancers) by race in East Baton Rouge Parish from 1993 to 1996
are described in Figures 6 .1 - 6.8. The national average annual age-adjusted specific cancer
rates of males, and females from 1988 to 1992 were used in the standard deviation method.
The age-adjusted cancer mortality rates for all cancer sites of black males, white males, black
females, and white females for the entire U.S. from 1988 to 1992 were 319,217,168,143,
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Ag&adjusted Rsles (f4 Stes Back Mies by Trad)
East Baton Rxge Paish, Louisiana
I
1 Lessthan 200.175 (<0 Ski Dev)
200.175-475338 (0 -1 Ski. Dev.)
478.338-7555(1 - 2 3 d Dev.)
755.5-1034.662 (2-3 Ski Dev.)
mm Mre than 1034.662 (> 3 Ski Dev)

H

Figure 6.1. Cancer Mortality Rates All Sites for Black Males by Tract,
East Baton Rouge Parish 1993-1996
(Source: Calculated by author from Louisiana Office of Public Health)
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^g^adjusted Rsles (Al Stes Back Mies fcyBock Grotf)
East Baton Rxge Parish, Louisara
L_J

I

Lessthan 06.769 (O SU. Dev.)
I 66.769-234.964(0-1 3 d Dev.)
234.964-403158(1 -2 SU. Dev.)
403.158- 571.362 (2-3 SU. Dev.)
Mre than571.362 C>3 Std Dev.)

Figure 6.2. Cancer Mortality Rates All Sites for Black Males by Block Group, East
Baton Rouge Parish 1993-1996
(Source: Calculated by author from Louisiana Office of Public Health)
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Age-adjusted Rates (Al Stes White Males by Tract)
East Baton Rouge Pansh, Louisiana
I
I Less than 2129 (<0 Std. Dev.)
PH
2129-375408 (0 -1 Std. Dev.)
IH
■ ■
■ I

375.408-537.915 (1 - 2 Std Dev.)
537.915-700422 (2 - 3 Std Da/.)
More than 700.422 (> 3 Std. Oar.)

Figure 6.3. Cancer Mortality Rates All Sites for White Males by Tract, East
Baton Rouge Parish 1993-1996
(Source: Calculated by author from Louisiana Office of Public Health)
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A ge-adjusted R ates ( A l S ite s W h ite M ales by B lo ck G roup)
E ast Baton R ouge P a rish . L o u isiana

izn

Less than 117.4 3 3 (<0 Std. Dev.)
1 1 7 .4 3 3 -2 9 3 .4 7 8 (0 - 1 S td. D ev.)
293.478 - 4 6 9 .5 2 3 (1 - 2 S td. D ev.)
4 69.5 2 3 - 6 4 5 .5 6 8 (2 - 3 S td. D ev.)
More th a n 6 4 5 .5 6 8 (> 3 Std. Dev.)

Figure 6.4. Cancer Mortality Rates All Sites for White Males by Block Group,
East Baton Rouge Parish 1993-1996
(Source: Calculated by author from Louisiana Office of Public Health)
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Age-adjusted R^es (Al Sites Black Females by Tract)
East Baton Rouge Pansh, Louisiana
Less than 111.498 (<0 Std Dev.)
111.498-276.397 (0 - 1 Std. Dev.)
276.397-441.297 (1 - 2 Std. Dev.)

B

441.297 - 606.196 (2 - 3 Std. Dev.)
More than 606.196 (> 3 Std Dev.)

Figure 6.5. Cancer Mortality Rates All Sites for Black Females by Tract, East
Baton Rouge Parish 1993-1996
(Source: Calculated by author from Louisiana Office of Public Health)
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Age-adjusted Rates (A l Sites Black Females by Bbck Group)
East Baton Rouge Parish, Louisiana
I
| Less than 46.253 (< 0 Std. Dev.)
I~—146.253 - 155.997 (0 - 1 Std. Dev.)
155.997-265.741 (1 - 2 Std. Dev.)
| 265.741 - 375.484 ( 2 - 3 Std. Dev.)
iMorethan 375.484 (> 3 Std. Dev.)

Figure 6.6. Cancer Mortality Rates All Sites for Black Females by Block Group,
East Baton Rouge Parish 1993-1996
(Source: Calculated by author from Louisiana Office of Public Health)
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Age-a($usted Rates (Al Sites White Femdes by Tract)
East Baton Rocge Parish, Louisiana

I

Less than 149044 (<OStt. Dew.)
149.044 -286.129 ( 0- 1 Std. Dev.)
236 129 - 423214 (1 - 2 Std. Dev.)
423.214 - 560298 (2 - 3 Std. Dev.)
More than 560.298 (> 3 Std. Dev.)

Figure 6.7. Cancer Mortality Rates All Sites for White Females by Tract,
East Baton Rouge Parish 1993-1996
(Source: Calculated by author from Louisiana Office of Public Health)
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Pge-ac$usted Rates (Al Sites White Females by Block Group)
East Baton Rouge Parish, Louisiana
I

I Less than 85.353 (< 0 Std Dev.)
85.353 -222.905(0- 1 Std. Dev.)
222.905 - 360.457 (1 - 2 Std. Dev.)

B

360.457 - 498.009 (2 - 3 Std. Dev.)
Mere than 498.009 (> 3 Std Dev.)

Figure 6.8. Cancer Mortality Rates All Sites for White Females by Block Group,
East Baton Rouge Parish 1993-1996
(Source: Calculated by author from Louisiana Office of Public Health)
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deaths per 100,000 population (National Cancer Institute, 1998). There were wide variations in
specific cancer mortality rates by race among different tracts and block groups. The patterns of
the most commonly occurring cancer mortality rates in East Baton Rouge Parish such as lung,
female breast, colon, pancreatic and prostate cancers at both census tract and block group
geographic scales from 1993 to 1996 are summarized in the following.

6.1.1. Lung Cancer by Tract
Lung cancer is the leading cause of cancer death in East Baton Rouge Parish,
Louisiana. While the disease is much more widespread among males, the death rates have
also been on the increase among females in recent years. The age-adjusted lung cancer
mortality rates of white males, white females, black males and black females for the entire U.S.
from 1988 to 1992 were 74.2, 32.9,105.6, 31.5 deaths per 100,000 population, respectively.
The average of white male lung cancer mortality rates (177.78) among tracts was 2 times higher
than that of female rates (97.81) during the period 1993-1996. The average of black male lung
cancer mortality rates (156.68) among tracts was 3 times higher than that of female rates
(43.61) during the period 1993-1996. The geographic distributions of lung cancer mortality
rates by race and sex at the census tract geographic scale in East Baton Rouge Parish from
1993 to 1996 are included in Figures 6.9 and 6.12.
Among blacks, the distributions of lung cancer mortality rates differed considerably from
those among whites (Figure 6.9 and Figure 6.10). Concentrations of relatively high rates of
cancer mortality among black males were shown in western part throughout the northern part of
the parish, whereas the highest rates of lung cancer mortality among white males were
widespread and did not show a strong concentration in the western part of the parish. The
eastern part of the parish continued to show lower than the average lung cancer mortality rates
for black males. The geographic patterns of lung cancer mortality rates among females were
very similar to those of males (Figure 6.11 and Figure 6.12). High concentrations of female lung
cancer mortality rates among blacks occurred in the midwestem and the northwestern parts of
the parish The eastern part of the Parish continued to show lower than the average lung cancer
mortality rates for black females. The highest rates of lung cancer mortality among white
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Ag e-ad Listed Rates (Lung Cancer - Black Mates by Tract)
|

|

Less than 156.68 (< 0 Std. Dev.)

|~ ~ 1

156.68 to 405.27 (0 - 1 S tt. Dev.)

^ B

405.27 to 653.86 (1 - 2 S tt. Dev.)

IB
I B

653.86 to 902.45 (2 - 3 S tt. Dev.)
More than 902.45 (> 3 Std. Dev.)

Figure 6.9. Cancer Mortality Rates All Sites for Black Males by Tract,
East Baton Rouge Parish 1993-1996
(Source: Calculated by author from Louisiana Office of Public Health)
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£ge-adjusted Rates (Lung Cancer White Males by Tract)
I

I

Less than 177.78 (<0 Std De/.)
177.78 to 338.28 (0 -1 Std. Dev.)
338.28 to 498.78 (1 - 2 Std. Dev.)
498.78 to 659.27 (2 -3 Std. Dev.)
Mere than659.27 (> 3 Std. Dev.)

H

Figure 6.10. Cancer Mortality Rates All Sites for White Males by Tract,
East Baton Rouge Parish 1993-1996
(Source: Calculated by author from Louisiana Office of Public Health)
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Age-adjusted R ^ e s (Lung Cancer Black Females by Tract)
Less than 43.61 (< 0 Std. Dev.)
43.61 to 125.37 ( 0 - 1 Std. Dev.)
125.37 to 207.12 (1 - 2 Std. Dev.)
207.12 to 288.88 (2 - 3 Std. Dev.)
More than 288.88 (> 3 Std. Dev.)

Figure 6.11. Cancer Mortality Rates All Sites for Black Females by Tract,
East Baton Rouge Parish 1993-1996
(Source: Calculated by author from Louisiana Office of Public Health)
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Age-adjusted Rates (Lung Cancer White Females by Tract)
I

| Less than 97.81 (< 0 Std. Dev.)
199.79 - 301.76 (1 - 2 Std. Dev)
97.81 - 199.79 (1 - 2 Std. Dev.)

B

301.76 - 403.74 (2 - 3 Std. Dev.)
More than 403.74 (> 3 Std. Dev.)

Figure 6.12. Cancer Mortality Rates All Sites for White Females by Tract,
East Baton Rouge Parish 1993-1996
(Source: Calculated by author from Louisiana Office of Public Health)
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females were similar to white males. They were widespread and did not show a strong
concentration in the western part of the parish, instead they showed high concentrations in the
southern tracts of the parish.

6.1.2. Lung Cancer by Block Group
The geographic patterns of lung cancer mortality rates among block groups were similar
to those of census tracts with more finer scale individual block groups displaying high rates.
The average of white male lung cancer mortality rates (96.42) among block groups was higher
than female rates (56.62) during the period 1993-1996. The average of black male lung cancer
mortality rates (351.36) among block groups was higher than female rates (249.49) during the
period 1993-1996, either. The geographic distributions of lung cancer mortality rates by race
and sex at the block group scale in East Baton Rouge Parish from 1993 to 1996 are included in
Figures 13-16.
In terms of white females, there were concentrations of groups of block groups with
very high and more than average rates. Areas of low rates among white females were smaller
and more widely dispersed throughout the western block groups of the parish. Concentrations
of relatively high rates of cancer mortality among white females were shown in southeastern
and mid parts of the parish expanding towards the northeast, whereas the highest rates of lung
cancer mortality among black females showed a strong concentration in the western part of the
parish (Figure 15 and Figure 16).
At the block group level, some areas showed high concentrations of lung cancer
mortality where it was hard to detect at the census tract level. Block groups in the Scotlandville
area, which included the two National Priority List sites, and numerous landfills and tri facilities,
had high rates of lung cancer mortality among black females. The concentration of lung cancer
mortality among black females showed a diagonal linear pattern starting from the western part
of the parish and expanding towards northeast direction.
A similar diagonal linear pattern starting from the western part of the parish and
expanding towards northeast direction among black females were also found among black
males (Figure 6.14). Block groups located in the Scotlandville area had high rates of lung
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Age-adjuded Rates (Lung Cancer White Males by Block Group)
I

ILess than 96.42 (< 0 Std. Dev.)
96.42to 260.99 (0-1 Std. Dev.)
260.99 to 425.57 (1 -2Std. Dev.)

■

425.57 to 590.14 (2 -3 Std.Dev.)
■ ■ 590.14 to 1013 (> 3 Std. Dev.)

Figure 6.13. Cancer Mortality Rates All Sites for White Males by Block Group,
East Baton Rouge Parish 1993-1996
(Source: Calculated by author from Louisiana Office of Public Health)
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Age-adjusted Rates (Lung Cancer Black Males by Block Group)
|-- 1 Less than 87.83 (< 0 Std. Dev.)
r~~Tl 87.83to321.07 (0-1 Std. Dev.)
MB 321.07 to 554.3 (1 -2 Std. Dev.)
MB 554.3to787.54 (2-3 Std. Dev.)
■ 1 More than 787.54 (> 3 Std. Dev.)

Figure 6.14. Cancer Mortality Rates All Sites for Black Males by Block Group,
East Baton Rouge Parish 1993-1996
(Source: Calculated by author from Louisiana Office of Public Health)
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Age-adjusted Rates (Lung Cancer White Females by Block Grotp)
Less than 56.62 (< 0 Std. Dev.)
56.62- 174.16 (0-1 Std. Dev.)

B

174.16-291.7(1 -2 Std. Dev.)
291.7- 409.24 (2-3 Std. Dev.)
More than409.24 (> 3 Std.Dev.)

Figure 6.15. Cancer Mortality Rates All Sites for White Females by Block Group,
East Baton Rouge Parish 1993-1996
(Source: Calculated by author from Louisiana Office of Public Health)
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Age-adjusted Rates (Lung Cancer BlackFemales by Block Group)
I |Less than 249.49 (<0 Std. Dev.)
I--1249.49 -1073.46 (0-1 Std. Dev.)
1073.46-1897.43 (1 -2 Std. Dev.)
1897.43-2721.4 (2 -3 Std. Dev.)
■ ■ More than2721.4 (> 3 Std. Dev.)

■

Figure 6.16. Cancer Mortality Rates All Sites for Black Females by Block Group,
East Baton Rouge Parish 1993-1996
(Source: Calculated by author from Louisiana Office of Public Health)
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cancer mortality among black males. An exception was that, one block group with a high rate
was detected in the northeastern part of the parish.
At the block group level, some areas showed high concentrations of lung cancer
mortality where it was hard to detect at the census tract level. In the northwestern parts of the
parish, two block groups located in the Zachary and Baker corridor had high rates of lung
cancer mortality among white males. Contrary to the case in black males, the concentrations of
relatively high rates of cancer mortality among white males were widespread in the
southeastern and middle parts of the parish expanding towards the northeast (Figure 6.13).

6.1.3. Prostate Cancer by Tract
The age-adjusted prostate cancer mortality rates of white males, and black males for
the entire U.S. firom 1988 to 1992 were 24.4, and 53.7 deaths per 100,000 population,
respectively. In East Baton Rouge Parish, the average of black male prostate cancer mortality
rates (56.78) among tracts was higher than white male rates (49.29) during the period of
1993-1996. The geographic distribution of prostate cancer mortality rates by race and sex at
census tract scale are included in Appendix J.
In white males, although little geographic variation for prostate cancer mortality rates
has been apparent, concentrations of high rate areas occurred in some tracts of the mid and the
mideastem parts of East Baton Rouge Parish. High rate tracts for prostate cancer mortality
among black males concentrated in the western and northeastern parts of the parish.

6.1.4. Prostate Cancer by Block Group
The average of black male prostate cancer mortality rates (21.15) among block groups
was a little bit higher than white male rates (20.60) during the period of 1993-1996. At the block
group level, concentrations of prostate cancer among white males were relatively small and
widely dispersed in the parish. The city of Baker had high concentrations of prostate cancer
among white males at the block group level. The block groups between Florida Boulevard and
the Old Hammond highway had high concentrations of prostate cancer mortality among white
males. High rate block groups for prostate cancer mortality among black males concentrated in

193

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

the western and northeastern parts of the parish. Areas of lower than average cancer mortality
rates were generally distributed in the east.
Prostate cancer shows a similar pattern as lung cancer at the block group level among
black males. The concentration of high prostate cancer mortality rates among black males
showed a diagonal linear pattern starting from the western part of the parish and expanding
towards northeast direction with an exception of one block group located in the southern part of
the parish. The geographic distributions of prostate cancer mortality rates by race and sex at
the block group scale are included in Appendix J.
6.1.5. Breast Cancer by Tract
The age-adjusted breast cancer mortality rates of white females, and black females for
the entire U.S. from 1988 to 1992 were 27.7, and 31.4 deaths per 100,000 population,
respectively. In East Baton Rouge Parish the average of white female breast cancer mortality
rates (45.37) among tracts was a little bit higher than black female breast cancer mortality rates
(43.03) during the period 1993-1996.
Among white females, high mortality rates for breast cancer at the census tract level
were widespread, and mostly the concentrations were located in the eastern part of the parish
as a north-south gradient. Higher rates for breast cancer mortality among white females were
found in a midwest tract and a midsouth tract. Tracts in the west part of the parish also show
higher than average rates.
Among black females, there were concentrations of groups of tracts with very high and
relatively high rates in the mid part of the parish and expanding towards the northwest. Areas of
low rates among black females were widely dispersed throughout the eastern tracts of the
parish with an exception of high rate tract, in the northeastern end of the parish. The
geographic distributions of female breast cancer mortality rates by race and sex at census tract
scale are included in Appendix K.
6.1.6. Breast Cancer by Block Group
At the block group level, the average of white female breast cancer mortality rates
(29.13) among block groups was a little bit higher than black female breast cancer mortality
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rates (22.25) during the period of 1993-1996. There were wide variations in breast cancer
mortality rates by race among different block groups. Among blacks, the distributions of breast
cancer mortality rates differed considerably from those among whites.
Concentrations of relatively high rates of cancer mortality among black females were
shown in the midwestem part of the parish expanding towards the northeast to Zachary and
Grassy Lake area with an exception of one tract at the northeast and another tract at the
southeast comer of the parish.
Among white females, the distributions of breast cancer mortality rates were similar to
the tract level. High mortality rates for breast cancer at the block group level were widespread
and mostly the concentrations were located in the eastern part of the parish as a north-south
gradient. The block groups with high and relatively high rates formed almost a circular shape
pattern in the east part of the parish. The block groups with higher rates for breast cancer
mortality among white females were spreaded out throughout the parish. The geographic
distributions of female breast cancer mortality rates by race and sex at census block group
scale are included in Appendix K.

6.1.7. Pancreatic Cancer by Tract
The age-adjusted pancreatic cancer mortality rates of white males, white females, black
males, and black females for the entire U.S. from 1988 to 1992 were 9.8, 7.0,14.4, and 10.4
deaths per 100,000 population, respectively. In East Baton Rouge Parish, the average of white
male pancreatic cancer mortality rates (35.75) among tracts was higher than black male rates
(25.85) during the period 1993-1996. There were wide variations in pancreatic cancer mortality
rates by race among different tracts. The geographic distributions of pancreatic cancer mortality
rates by race at the census tract scale are included in Appendix L.
High mortality rates for pancreatic cancer at the tract level among white males were
mostly concentrated in the southern and the middle sections of the parish. There were two
clumps of higher and relatively higher rates of tracts in the middle section of the parish. The
first dump was at the upper middle section. The second dump was almost like an extension of
the southern tracts and in the lower mid section of the parish. Areas of lower than the average
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cancer rates were scattered throughout the northern part of the parish with an exception of two
tracts located in the Zachary area.
Contrary to white male pancreatic cancer rates, high rate tracts for pancreatic cancer
mortality among black males concentrated in the western and northwestern parts of the parish.
In East Baton Rouge Parish, the average of white female pancreatic cancer mortality rates
(27.82) among tracts was higher than black female rates (19.65) during the period 1993-1996.
High rate tracts for pancreatic cancer mortality among black females concentrated in the
western and northwestern parts of the parish. In the northwestern part of the parish, there was
a concentration of higher and relatively higher rates of black female pancreatic cancer mortality.
Among white females, high mortality rates for pancreatic cancer at the census tract level were
widespread, and mostly the concentrations were located in the eastern and the midwestem
parts of the parish.

6.1.8. Pancreatic Cancer by Block Group
At the block group level, the average of white male pancreatic cancer mortality rates
(19.89) was higher than black male rates (5.67) during the period of 1993-1996. High rate block
groups for pancreatic cancer mortality among white males were widespread and mostly
concentrated in the south and mid parts of the parish. Contrary to white male pancreatic cancer
rates, high rate block groups for pancreatic cancer mortality among black males were
widespread in the western and northwestern parts of the parish. The geographic distributions of
pancreatic cancer mortality rates by race and sex at census block group scale are included in
Appendix L.
The average of black female pancreatic cancer mortality rates (10.30) among block
groups was higher than white female rates (4.67) during the period 1993-1996. There were
wide variations in pancreatic cancer mortality rates by race among different block groups.
Among white females, high mortality rates for pancreatic cancer at the block group level were
widespread and mostly the concentrations were located in the southeastern and the middle
parts of the parish. Contrary to white female pancreatic cancer rates, high rate block groups for
pancreatic cancer mortality among black females concentrated in the western and northwestern
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parts of the parish. In three block groups located in Scotlandville area, there was a
concentration of high rates of pancreatic cancer among black females.

6.1.9. Colon Cancer by Tract
The age-adjusted colon cancer mortality rates of white males, white females, black
males and black females for the entire U.S. from 1988 to 1992 were 23.4, 15.6, 28.2, 20.4
deaths per 100,000 population, respectively. The average of white female colon cancer
mortality rates (69.64) among tracts was 3 times higher than that of male rates (21.25) during
the period 1993-1996. The average of white female colon cancer mortality rates (69.64) among
tracts was 2 times higher than black female rates (30.52) during the period 1993-1996. Among
white females, the distributions of colon cancer mortality rates differed considerably from those
among blacks. Concentrations of relatively high rates of cancer mortality among black females
were shown in western part throughout the northern part of the parish, whereas the highest
rates of colon cancer mortality among white females were widespread.
The wide variation in colon cancer mortality rates by race among females did not apply
to males. The average of white male colon cancer mortality rates (21.25) among tracts was not
that high of black male rates (23.96) during the period 1993-1996. Areas of high rates and
relatively high rates were widely dispersed throughout the parish. There were concentrations of
high and relatively high rates in the western tracts and the southern tracts of the parish. The
geographic distributions of colon cancer mortality rates by race and sex at census tract scale
are included in Appendix M.

6.1.10. Colon Cancer by Block Group
The average of white female colon cancer mortality rates (12.17) among block groups
was not that high of black female rates (7.81) during the period 1993-1996. Among black
females, there were concentrations of high rates in Scotlandville area. Among white females,
high and relatively higher rates were widespread in the eastern part of the parish. Several block
groups with high rates formed a dump in the eastern part of the parish.
The average of white male colon cancer mortality rates (12.41) among block groups
was not that high of black male rates (8.50) during the period 1993-1996. The concentration of
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high and relatively high rates of colon cancer mortality rates showed a distinctive linear pattern
in the middle part of the parish.
There were concentrations of two or three clumped block groups with high rates in the
western part of the parish. The first dump occurred in the west, then the second dump in the
direction of northeast, and the third dump in the same direction. The geographic distributions of
colon cancer mortality rates by race and sex at census block group scale are induded in
Appendix M.
6.2. Spatial Correlogram Analysis of Cancer Mortality
As stated in Chapter 5, the spatial correlogram analysis provides a basic understanding
of the spatial structure of cancer mortality in East Baton Rouge Parish. The correlograms for
both the census tract and block group geographic scales for each sex and race were computed
for a comparison. The standardized T values among neighbors for cancers of all sites and
each primary cancer site by trad and block group are induded in Appendix N. The
correlograms among all sites and each primary cancer site are shown in Figure 6.17- 6.22.
6.2.1. Lung Cancer
In particular, of all the correlograms, lung cancer’s correlograms were the most
distinctive. At the block group scale, the spatial autocorrelation indices of lung cancer mortality
for black males were high at the first two lags and dedined at the 3rd lag and became below the
statistically significant level and dearly exhibited no neighborhood effects.
At the trad scale, the general form of the correlogram represented by V-shaped curves, with a
high positive autocorrelation point at lag 6. The black male lung cancer mortality distribution
has almost a patchwork pattern of where high rates concentrated on the west part of the Parish.
The block groups with high black male population density and similar sodal fadors such as low
poverty might have an interaction and that might indicate the shift from a big V shape to an
irregular or smooth curve through the last lags.
Lung cancer mortality rates among black females at the trad scale did not show any
significant autocorrelation among the first four order neighbors and showed a positive
autocorrelation at lag 5, on the other hand at the block group geographic scale it showed a
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Figure 6.17. Correlograms for All Sites Cancer Mortality Rates, 1993-1996
by Race at Census Tract and Block Group Scales

199

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

LungJWhtte Mate
3
2
1

-Tract

0

-BlockG roup :

-1

-2

-3
2

3

5

4

7

6

Lung_Black Female

3
2
1

-Tract
-Block Group

0
-1

-2

-3
1

2

3

4

5

6

7

Luna White Female

Figure 6.18. Correlograms for Lung Cancer Mortality Rates, 1993-1996
by Race at Census Tract and Block Group Scales
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Figure 6.19. Correlograms for Colon Cancer Mortality Rates, 1993-1996
by Race at Census Tract and Block Group Scales

201

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

P an cfM ticB lac* Mate

3
2
1

-Tract
-BlockGroup

0
-1
-2

-3

1

2

3

4

5

6

7

Tract
Block Group ij

Pancreatic White Female

Tract
Block Group
-3

1

2

3

4

5

6

7

Figure 6.20. Correlograms for Pancreatic Cancer Mortality Rates, 1993-1996
by Race at Census Tract and Block Group Scales
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Figure 6.21. Correlograms for Breast Cancer Mortality Rates, 1993-1996
by Race at Census Tract and Block Group Scales
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Figure 6.22. Correlograms for Prostate Cancer Mortality Rates, 1993-1996
by Race at Census Tract and Block Group Scales
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negative autocorrelation at lag 3 and no significant autocorrelation at other lags. Generally, the
correlograms of lung cancer mortality rates for black females showed irregular mountain shapes
representing a random distribution.
Lung cancer mortality rates among white males at block group geographic scale
exhibited the strongest degree of positive autocorrellation at lag 1 and decreased rapidly at
spatial lag 2 and became below the statistically significant level. At the tract scale, lung cancer
among white males provided insignificant autocorrelation values, showing random distribution of
lung cancer mortality.
The higher rates of lung cancer mortality among whites are concentrated on the east
part of the parish with high percentage of white population and the population above 50 years of
age. The block groups in clusters of similar age distribution and white male population density
might interpret the neighborhood effect at the first lag. Among white females at both tract and
block group geographic scales, the spatial autocorrelation indices for lung cancer were low and
clearly exhibited no neighborhood effects.

6.2.2. Breast Cancer
White female breast cancer mortality rates had the highest positive spatial
autocorrelation at lag 2 at the block group scale and were below the statistically significant level
at other spatial lags. There was no significant spatial autocorrelation at the tract scale. Breast
cancer mortality rates among black females at block group geographic scale exhibited the
strongest degree of negative autocorrellation at lag 3 and 6 and a high positive autocorrellation
at lag 5. The first two lags were below the statistically significant level. These correlograms
suggest that Breast cancer mortality fluctuates from one block group to another, with no definite
centers of spread.

6.2.3 Colon Cancer
In particular, of all the correlograms, colon cancer's correlograms were the most
distinctive among white females. The spatial autocorrelation indices for colon cancer did not
exhibit any neighborhood effects at the first two lags at the tract scale, but showed a high
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positive autocorrelation at lag 3 and 6 and a negative autocorrelation at lag 5. At the block
group scale, colon cancer exhibited no neighborhood effects.
6.2.4 Pancreatic Cancer
In case of race-specific pancreatic cancer, autocorrelation values were insignificant,
indicating a random relationship among the parish tracts and block groups. However, only
white female pancreatic cancer had significant negative autocorrelation at lag 1 at tract scale.
6.2.5.Prostate Cancer
The spatial autocorrelation computed for prostate cancer mortality rates was below the
statistically significant level, except for the high negative value at tag 1 for white males at the
tract scale. This might indicate the presence of large clusters of tracts with dissimilar low rates.
6.2.6. Interpretation of the Spatial Correlograms
The results of the spatial correlograms demonstrated mixed scale effects and random
distribution patterns, except that lung cancer among males exhibited significant spatial
autocorrelations at lag 1 or 2 at the census block group scale. For male lung cancer, block
groups that are close to each other generally had similar values. For block groups that are
more away, the similarity in male lung cancer mortality disappears. This shows that there is a
certain degree of spatial clustering in lung cancer mortality among males in East Baton Rouge
Parish in the period 1993-1996. When comparing the results at the block group and tract
scales, It is clear that male lung cancer correlogram curve fluctuates more at the block group
scale indicating larger ranges of spatial autocorrelation values for finer scale. Hypothesis four,
which tests whether the spatial analysis results changed with the spatial scale of the data, is
evident in this analysis.
The irregular and undulating form of the correlograms suggest that East Baton Rouge
parish is quite diverse and the small populations with few cases of cancer may have contributed
to the fluctuation of the correlograms. This small number problem is common in medical data
such as cancer mortality statistics, where occurrence is still considered uncommon in most
parts of the nation (Glick 1977; Meade, Florin, and Gesler 1988).
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6.3. Spatial Scan Statistic Analysis o f Black Male Lung Cancer Mortality

Since high positive spatial autocorrelation for black males were found at the first two
lags at census block group scale through spatial correlogram analysis, Hypothesis One was
tested for black male lung cancer mortality only. Hypothesis one states that there are significant
spatial clusters of black male lung cancer mortality in East Baton Rouge Parish during the
period of 1993 to 1996. For hypothesis two, which tests whether black male lung cancer spatial
clusters are related to major socioeconomic, cultural, and biophysical factors, statistical
summaries of the demographic variables among the tracts and block groups in the most likely
clusters are induded in this section (Tables 6.1 and 6.2). In the next section, multiple
regression analysis will be applied to further investigate the variables that may be related to
lung cancer.
Black male lung cancer deaths for the presence of geographical dusters at both census
tract and block group scales for the period of 1993-1996 will be compared and darified in order
to test hypotheses four, which states that the spatial analysis results change with the spatial
scale of the data. Since the age, sex, and race information for each case was available, the
significance of spatial dustering of lung cancer among black males could be tested. The
SatScan analysis was performed on black male lung cancer cases with the corresponding black
male population between the ages of 40 to 85 and over at both census tract and block group
geographic scales.
When comparing the geographic dusters of black male lung cancer deaths between the
two scales, the tract level generated a total of 24 the most likely dusters statistically significant
at the level p = 0.046 and one secondary duster with a p-value of 0.799, whereas the census
block group scale developed 61 most likely dusters statistically significant at the level p = 0.001
and 4 secondary dusters with p-values of 0.940, 0.963, 0.964 and 0.970, respectively (Figure
6.23). Although the secondary dusters are statistically significant, the small subclusters of the
secondary dusters must be interpreted with caution. Previous studies reported that the
significance levels of the secondary dusters were sometimes overestimated with stimulated
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Figure 6.23. Spatial Scan Statistic Analysis of Black Male Lung Cancer: Comparison of Spatial Clusters at the Census
Tract and Census Block Group Scales

Table 6.1. 1990 Estimated Demographics of Communities in the 24 most likely clusters of
Census Tracts in East Baton Rouge Parish Among Black Males at the Census Tract Scale

All Persons
White
Black
Hispanic
Other
Urban
Rural
Gender
Female
Male
Education
High school graduates
Age Distribution
Age under 5
Age 5 to 17
Age 18 to 29
Age 30 to 49
Age 50 to 64
Age 65 up
Number of Households
Median Household Income
Poverty
Persons below poverty level
Housing
Owner Occupation
Renter Occupation
Median value house
Vacant lots
Occupation
Mining
Agriculture
Construction
Manufacturing
Transportation
Health
Education

SATSCAN CLUSTERS
Population
68967
40410
25975
1387
361
68894
210
Population
36119
32848
9766
Population
4240
9700
23051
16490
6317
9169
27898
20093
21955
Population
12183
15715
68015
4967
Population
384
2100
5240
8656
2568
8172
27628

%
100
58.59
37.66
2.01
0.52
99.89
0.3

EBR
Population
380105
240614
132328
5761
1197
344340
36089

%
100
63.3
34.81
1.51
0.31
90.59
9.49

52.37
47.62

197787
182318

52.03
47.96

14.16

75762

19.93

6.1
14.06
33.42
23.9
9.15
13.29

29225
75356
86054
111744
42841
34885
138620
27709

7.6
19.82
22.63
29.39
11.27
9.17

31.83

72437

19.05

17.66
22.78

83168
55452
65252
18147
Population
3276
7648
45736
83452
22860
52052
93864

21.88
14.58

0.55
3.04
7.59
12.55
3.72
11.84
40.05

(Source: Compiled by Author from 1990 U.S. Census Tiger Files)
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8.59
2.01
12.03
21.95
6.01
13.64
24.69

Table 6.2.1990 Estimated Demographics of Census Block Group Clusters

All Persons
White
Black
Hispanic
Asian
Indian
Other
Urban
Rural
Gender
Female
Male
Education
High school graduates
Age Distribution
Age under 5
Age 5 to 17
Age 18 to 29
Age 30 to 49
Age 50 to 64
Age 65 up
Number of Families
Number of Households
Median Household Income
Poverty
Persons below poverty level
Housing
Owner Occupation
Renter Occupation
Median value_house
Median Rent
Vacant lots
Occupation
Mining
Agriculture
Construction
Manufacturing
Manufacturing nondurablegoods
Manufacturing durablegoods
Transportation
Health
Education

EBR
Population
380105
240614
132328
5761

%
100
63.3
34.81
1.51

.

1197
344340
36089

0.31
90.59
9.49

52.48
47.51

197787
182318

52.03
47.96

15.04

75762

19.93

7.72
17.67
23.77
25.84
10.13
14.85

29225
75356
86054
111744
42841
34885
96800
138620
27709

7.6
19.82
22.63
29.39
11.27
9.17

39.21

72437

19.05

45.06
50.65

83168
55452
65252
391
18147
Population
3276
7648
45736
83452
64128
19324
22860
52052
93864

21.88
14.58

SATSCAN CLUSTERS
Population
37992
11088
25732
454
885
43
208
34164

%
100
29.18
67.73
1.19
2.32
0.11
0.54
89.92

_
Population
19941
18051
5715
Population
2936
6714
9033
9818
3849
5642
8292
15237
14735
14899
Population
17122
19244
41084
294
4313
Population
49
171
9026
1047
750
297
418
448
2441

0.12
0.45
23.75
2.75
1.97
0.78
1.1
1.17
6.42

(Source: Compiled by author from 1990 United States Census Bureau)
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8.59
2.01
12.03
21.95
16.87
5.08
6.01
13.64
24.69

conservative p-values (Kulldorff 1997). At the tract scale, the distribution was distinct in the
southwestern part of East Baton Rouge Parish. At the block group scale, the dusters almost
shifted towards north. The dusters at both tract and block group geographic scales were
located at the south of the petrochemical manufaduring corridor along the Mississippi River.
6.4. Multiple Regression Analysis of Cancer Mortality
Multifile stepwise regression analysis was performed on combined cancer mortality
rates by sex and race. The regression results are presented in Table 6.3. Since black male
lung cancer mortality rates indicated high positive autocorrelation through the conrelogram
analysis, stepwise regression analysis was also performed on lung cancer mortality rates. The
results of the stepwise regression analysis for all sites black male cancer mortality rates (lung,
pancreatic, prostate, colon) indicated two predictor variables that could significantly contribute
one percent or more to the explained variance in support for high cancer mortality rates.
Percentage of population below poverty level was the first variable to enter to the model. It
explained 39 % of the variation in support for black male cancer mortality rates. Percentage of
renter occupation was the second variable to enter the model, adding 8 % to the explanatory
power. The combined model of the two variables explained 47 % of the total variation of the
black male combined cancer mortality rates. The multiple regression equation estimated above
suggested that poverty level appeared to be the best predicator of black male cancer mortality
rates among the variables included in this study.
Based on this result, the following interpretation could be made. Black males in East
Baton Rouge Parish compares poorly with East Baton Rouge Parish socioeconomic averages.
People below poverty level more likely experience unsanitary conditions, poor standard of living,
and limited access to health care, which play an important role in cancer mortality rates.
Inadequate nutrition, a diet high in fats and deficient in the protective substances found in fresh
fruits and fresh vegetables indicate the poverty status and contribute to the high cancer
mortality rates. Males employed in high-risk occupations in chemical plants and petrochemical
operations such as welders, operators, boilermakers, and oilfield workers compare poorly in
terms of low socioeconomic level and limited access to health care. East Baton Rouge Parish
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Table 6.3. Stepwise Regression Analysis Results for All Sites
White Males:

Source of Variation
Regression
Residual
Total

Variables in Equation
Persons below poverty
Owner Occupation
Urban Population

White Females:
Source of Variation
Regression
Residual
Total

Variables in Equation
Water consumption
Persons below poverty

Sum of Squares
444688.4
1826455.05
2271143.45
R sq Cum
0.196
0.247
0.294

df
1
84
85
R sq Change
0.196
0.052
0.046

Sum of Squares
316691.189
1299441.69
1616132.87
R sq Cum
0.196
0.293

df
1
84
85
R sq Change
0.196
0.097

Sum of Squares
2597555.120
4056630.610
6654185.730
R sq Cum
0.390
0.471

df
1
84
85
R sq Change
0.390
0.080

Sum of Squares
157850.814
2180643.840
2338494.660
R sq Cum
0.068
0.163

df
1
84
85
Rsq Change
0.068
0.096

P-value
0.000

F-value
20.452
13.645
11.358

Beta
-0.360
0.262
-0.223

T-value
-3.139
2.358
2.314

P-value
0.000

F-value
20.472
17.189

Beta
0.367
-0.321

T-value
3.858
-3.373

Black Males:

Source of Variation
Regression
Residual
Total

Variables in Equation
Persons below poverty
Renter occupation
Black Females:
Source of Variation
Regression
Residual
Total

Variables in Equation
Persons below poverty
Renter occupation

P-value
0.000

F-value
53.787
36.923

Beta
0.625
-0.309

T-value
7.334
-3.552

P-value
0.000

F-value
6.081
8.094
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Beta
0.260
-0.337

T-value
2.486
-3.081

has a culturally diverse population including groups who have maintained some degree of
isolation. The black male population is mostly concentrated in the west part of the parish along
the Mississippi River where chemical industry is heavily concentrated. Renter occupation
appeared to be an important variable and showed a negative regression coefficient. This
explains the existence of higher percentage of owner occupation and amount of vacant lots in
the tracts located in the vicinity of polluting industrial plants. The residential risk might be shown
in the group of property owners with ten or more years of residential exposure. The effects of
living in the vicinity of polluting industrial plants may play an important role in East Baton Rouge
Parish black male cancer mortality rates. Environmental pollution may appear to contribute
somewhat to black male cancer causation in East Baton Rouge Parish.
Black female combined cancer mortality rates showed similar regression results as
males. Percentage of population below poverty level was the first variable to enter to the model.
It explained 6.8 % of the variation in support for black female cancer mortality rates.
Percentage of renter occupation was the second variable to enter the model, adding 9.6 % to
the explanatory power. The combined model of the two variables explained 16.4 % of the total
variation of the black female combined cancer mortality rates. The best predicator of black
female cancer mortality rates among the variables included in this study was poverty status.
Based on this result, it could be interpreted that the high percentage of unmarried females for
blacks in East Baton Rouge Parish contribute to the poverty status, because of their
socioeconomic disadvantages. Unmarried women very often do not seek health care in a timely
fashion or use medical care adequately. Black females enter into health care in a timely manner
less frequently than whites and other races. For example, in terms of prenatal care, only 70.3 %
of black mothers had their first prenatal visit in the first trimester of their pregnancy, compared to
88.6 % of white mothers ( Louisiana Health Report Card 1998a, pp.19-20).
The results of the stepwise regression analysis for combined white male cancer
mortality rates (lung, pancreatic, prostate, colon) indicated three predictor variables that could
significantly contribute one percent or more to the explained variance in support for high cancer
mortality rates. Percentage of population below poverty level was the first variable to enter to
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the model. It explained 19.6 % of the variation in support for white male cancer mortality rates.
Percentage of owner occupation was the second variable to enter the model, adding 5.2 % to
the explanatory power. The third variable was the urban population with an added 4.6 %.The
combined model of the three variables explained 29.4 % of the total variation of the white male
combined cancer mortality rates. Contrary to black males, percentage of people below poverty
level showed a negative regression coefficient. This can be explained by life style factors
which include primarily smoking and excessive alcohol consumption that are related to the
ability to afford. Percentage of owner occupation may be explained by the residential risk in the
group of property owners with ten or more years of residential exposure. Environmental
pollution may appear to contribute somewhat to white male cancer causation in East Baton
Rouge Parish. Urban population was an important predictor of cancer mortality among white
males. A possible explanation was that urban residents have some environmental
characteristics such as life style and environmental pollution to increase cancer mortality rates.
Chemical pollutants may enter the urban environment from auto emissions, urban street runoff,
municipal sewage effluents, industrial, and community resources.
White female combined cancer mortality rates showed similar regression results as
males. Percentage of water supply was the first variable to enter to the model. It explained
19.6 % of the variation in support for white female cancer mortality rates. Percentage of people
below poverty was the second variable to enter the model, adding 9.7 % to the explanatory
power. The combined model of the two variables explained 29.3 % of the total variation of the
white female combined cancer mortality rates. Similar to white male cancer mortality,
percentage of people below poverty level showed a negative regression coefficient. Life style
factors, which indude primarily smoking, and excessive alcohol consumption that are related to
the ability to afford may explain this. Percentage of water supply was an important predicament
for white female cancer mortality rates. Although the quantity of the water is used as a variable,
this may still suggest that contamination of drinking water by certain carcinogens might be
widespread at potentially hazardous levels. In response to concern about potential groundwater
contamination by volatile organic chemicals, Louisiana Office of Public Health, Safe Drinking
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Water Program conducts sampling and analysis program on finished water where ground water
is used for drinking water. Although there was no presence of trihalomethanes (chloroform,
bromodichloromethane, dibromochloromethane and brofonm) in these samples which are a
result of chlorination of organic pollutants during water treatment, the sampling showed rising
levels of aluminum, beryllium, chromium, nitrate-n, nitrite, arsenic, cadmium, zinc, arsenic,
beryllium, chromium, and thallium.

6.4.1. Multiple Regression Analysis of Lung Cancer Mortality
Multiple stepwise regression analysis was performed on lung cancer mortality rates by
sex and race. The regression results are presented in Table 6.4. The results of the stepwise
regression analysis for black male lung cancer mortality rates indicated two predictor variables
that were the same with the combined black male cancer mortality results. Percentage of
population below poverty level was the first variable to enter to the model. It explained 40.8 %
of the variation in support for black male lung cancer mortality rates. Percentage of renter
occupation was the second variable to enter the model, adding 6.2 % to the explanatory power.
The combined model of the two variables explained 47 % of the total variation of the black male
lung cancer mortality rates. The multiple regression equation estimated above suggested that
poverty level appeared to be the best predicator of black male lung cancer mortality rates
among the variables included in this study. Based on this result, it could be interpreted that
inadequate nutrition, a diet high in fats are important indicators of the poverty status. Many
foods popular in East Baton Rouge Parish are high in fa t Pork is very popular through out the
parish not only as a roast but as slab bacon used for seasoning meat and vegetables. The
large amount of cooking oil and lard used in meal preparation is also a significant source of
dietary fat. Pork consumption is greater among black residents than whites and home cooked
meals include fried foods, combread, biscuits, pies and roux-based sauces that often contain
higher fat content than the equivalent commercial products (Langham 1983 and Steelman
1974).
Epidemiological evidence suggests that there is an inverse relationship between lung
cancer risk and ingestion of foods containing Vitamin A or its precursors such as beta-carotene.
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Table 6.4. Stepwise Regression Analysis Results for Lung Cancer Mortality Rates
White Males:
Regression
Residual
Total
Variables in Equation
Owner occupation
Highschool graduates

Sum of Squares
195528.041
2019783.000
2215311.040
R sq Cum
0.088
0.134

df
1
84
85
R sq Change
0.088
0.046

White Females:
Source of Variation
Regression
Residual
Total
Variables in Equation
Water consumption
Persons below poverty

Sum of Squares
107289.207
787059.302
894348.509
R sq Cum
0.120
0.163

df
1
84
85
R sq Change
0.120
0.043

Black Males:
Source of Variation
Regression
Residual
Total
Variables in Equation
Persons below poverty
Renter occupation

Sum of Squares
2167039.860
3147436.360
5314476.220
R sq Cum
0.408
-0.470

df
1
84
85
R sq Change
0.408
0.062

Sum of Squares
42230.707
532585.052
574815.760
R sq Cum
0.073
0.168

df
1
84
85
R sq Change
0.073
0.095

Source of Variation

P-value
0.000

F-value
8.132
6.423

Beta
0.240
0.221

T-value
2.272
2.094

P-value
0.000

F-value
11.451
8.063

Beta
0.296
-0.213

T-value
2.861
-2.058

P-value
0.000

F-value
57.835
36.829

Beta
0.747
-0.272

T-value
8.577
-3.127

Black Females:

Source of Variation
Regression
Residual
Total
Variables in Equation
Persons below poverty
Renter occupation

P-value
0.000

F-value
6.661
8.391
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Beta
0.404
-0.335

T-value
3.706
-3.074

A study evaluating the nutritional status of Louisiana residents concluded that comparison of
lung cancer cases with control cases indicated significantly less serum retinol and
beta-carotene in cancer patients than in controls (Lopez 1983). Beta-carotene may serve to
prevent cell injury by reacting with carcinogens. A recent study by National Cancer Institute
(Zeigler 1996), developed a liquid chromatography technique to optimize carotenoids
measurement and used it with stored sera from the Honolulu heart program cohort. In a nested
case-controi analysis, low serum levels of beta-carotene were associated with increased lung
cancer risk. National Cancer Institute is addressing public health questions, such as the optimal
number of servings per day of vegetables and fruits, the importance of variety, and the
interaction with supplemental vitamins. These regression results support the connection
between inadequate nutrition and poverty status and its relation to cancer, but a further study of
geographic differences in Vitamin A intake, and availability of fresh fruits and vegetables might
contribute to the analysis.
Education is an important factor in the consideration of poverty status. Income,
adequate nutrition, maintaining sanitary living conditions, individual's life style and personal
habits are very much related to education. 27.7 % of the black male lung cancer cases out of all
the black male lung cancer cases in the study period 1993 to 1996 have high school education
or higher. Only 29.41 % of all combined black male cancer cases have high school education or
higher (Calculated by author Vital Statistics Records, 1996). Although there was no direct
correlation found between occupation and black male lung cancer, the education status of the
black males show that black males are less likely to be employed in professional services and
more likely to be employed by less income manufacturing industries such as chemicals and
petroleum products, paper products, shipbuilding, transportation, and food manufacturing
industries. Although definite cause and effect is difficult to establish, these occupations manifest
excessive risks of cancer (Gottlieb et al. 1979). East Baton Rouge Parish industry produces
significant quantities of chemical carcinogens. In fact, 16 % of total state chemical production
occur in Louisiana (Department of Natural Resources 1983). Appropriate control of workplace
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atmospheres and chemical disposal is essential to properly regulate human exposure to
chemical carcinogens.
Percentage of renter occupation was the second variable to enter the black male lung
cancer mortality stepwise regression model. Renter occupation showed a negative regression
coefficient same as the combined black male cancer mortality regression results. This can be
explained by long period of residential exposure by property owners than renters. The
residential risk might be shown in the group of property owners with ten or more years of
residential exposure. The effects of living in the vicinity of polluting industrial plants may play an
important role in East Baton Rouge Parish black male cancer mortality rates. This result
supports the most likely clustered areas and secondary clusters found through SatScan cluster
detection technique for black male lung cancer mortality. The clustered areas are located in the
low income tracts in the vicinity of petrochemical industries and hazardous waste sites. The
occurrence of lung cancer mortality rates among populations located in proximity to the
hazardous waste sites as compared to the parish rates is further investigated by focused cluster
detection technique in this chapter.
Renter occupation is very much related to urban risk factor. Urban environment is
conducive to stress. Avoidance or control of stress possibly effects cancer risk reduction.
Environmental pollution in urban environment may appear to contribute to black male cancer
causation in East Baton Rouge Parish. Chemical pollutants may enter the urban environment
from auto emissions, urban street runoff, municipal sewage effluents, industrial, and community
resources.
The American Cancer Society (1982) states that cigarette smoking is responsible for
one in every five cancer deaths in the United States. South Louisianians are mote frequently
smokers, start earlier and more frequently use high tar. non-filter cigarettes. Although cigarette
smoking was not used as one of the variables in the regression analysis due to data limitations,
the case percentages were extracted from death certificates. 10.88 % of all cancer mortality
cases among black males are smokers in the period of 1993 to 1996. This figure is very much
affected by the reliability of the vital statistics death records. The striking implication of this
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statistic is that for ail that 10.38 %. the cause of death was lung cancer. That means every 22
black male smoker out of 30 who died from cancer died from lung cancer in the period of 1993
to 1996.
The results of the stepwise regression analysis for white male lung cancer mortality
rates indicated two predictor variables that could significantly contribute one percent or more to
the explained variance in support for high lung cancer mortality rates. Percentage of owner
occupation was the first variable to enter to the model. It explained 8.8 % of the variation in
support for white male lung cancer mortality rates. Percentage of high school graduates was
the second variable to enter the model, adding 4.6 % to the explanatory power. The combined
model of the two variables explained 13.4 % of the total variation of the white male lung cancer
mortality rates. The percentage of owner occupation may be explained by the residential risk in
the group of property owners with ten or more years of residential exposure. Owner occupation
can also be explained by indoor pollution. Indoor pollution is pollution found within residential
buildings at levels that effect human health. It is primarily created by the personal habits of the
individual in the home, the consumer products used indoors, the building materials of the
structure, and the nature of the home's heating system (Spengfer 1983). Examples of common
indoor pollutants found in homes are radon, certain combustion products, formaldehyde,
asbestos and tobacco smoke, indoor pollution may pose a greater threat to human health than
outdoor pollution because the air pollutant concentration may become significantly higher
indoors and people spend most of their time indoors. Each of these is known or suspected
human carcinogen.
The percentage of high school graduates or higher among white males is greater than
the one among black males. 70.40 % of lung cancer cases among white males are high school
graduates or higher. 69.54 % of all sites cancer mortality cases among white males are high
school graduates or higher. Urban risk factor and the stressful working conditions of high paying
professional jobs can explain the second variable, percentage of high school graduates.
Avoidance or control of stress possibly effects cancer risk reduction. Life style factors, which
include primarily smoking and excessive alcohol consumption are related to the ability to afford.
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7 % of all sites cancer mortality cases among white males are smokers in the period of 1993 to
1996.6.2 % of lung cancer cases are smokers. These figures are very much affected by the
reliability of the vital statistics death records.
White female lung cancer mortality rates indicated two predictor variables that could
significantly contribute one percent or more to the explained variance in support for high lung
cancer mortality rates. Percentage of water supply was the first variable to enter to the model.
It explained 12 % of the variation in support for white female lung cancer mortality rates.
Percentage of people below poverty was the second variable to enter the model, adding 4.3 %
to the explanatory power. The combined model of the two variables explained 16.3 % of the
total variation of the white female lung cancer mortality rates. Similar to all sites white female
cancer mortality, percentage of people below poverty level showed a negative regression
coefficient Life style factors, which include primarily smoking, and excessive alcohol
consumption that are related to the ability to afford may explain this. Percentage of water
supply was an important predicament for white female lung cancer mortality rates. Although the
quantity of the water is used as a variable, this may still suggest that contamination of drinking
water by certain carcinogens might be widespread at potentially hazardous levels. Several
drinking water contaminants have been identified as potential carcinogens. Prominent among
these are byproducts of chlorine disinfection, nitrate and arsenic. In response to concern about
potential groundwater contamination by volatile organic chemicals, Louisiana Office of Public
Health, Safe Drinking Water Program conducts sampling and analysis program on water where
ground water is used for drinking water. The sampling between the years of 1993 through 1996
showed rising levels of nitrate, beryllium, arsenic in East Baton Rouge Parish drinking water
wells. Nitrate ingested from drinking water can serve as a precursor to the endogenous
formation of carcinogenic N-nitroso compounds. Nitrate is first reduced in the saliva to nitrite,
which can react in the stomach with secondary amines and amides. The epidemiological data
on this issue are still quite limited. Arsenic has long been recognized as a human carcinogen.
It causes lung cancer after exposure to airborne dust, and skin cancer following ingestion of
inorganic arsenic in food or water (Cantor. 1998).
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The results of the stepwise regression analysis for black female lung cancer mortality
rates indicated two predictor variables that were the same with the black male lung cancer
mortality results. Percentage of population below poverty level was the first variable to enter to
the model. It explained 7.3 % of the variation in support for black female lung cancer mortality
rates. Percentage of renter occupation was the second variable to enter the model, adding

9.5 % to the explanatory power. The combined model of the two variables explained 16.8 % of
the total variation of the black female lung cancer mortality rates. The multiple regression
equation estimated above suggested that poverty level appeared to be the best predicator of
black female lung cancer mortality rates among the variables included in this study.

6.5. Focused Cluster Detection
In order to test hypothesis three, which states that cancer mortality rates are
significantly higher among population living close to National Priority List (NPL) sites, a focused
cluster analysis was conducted within 3 mile, 4 mile and 5 miles of the sites. As shown in Table
6.5, the 1990 census data were evaluated to characterize the populations Irving in these
proximity zones. The racial composition of residents living within 3 mile of the site differs from
the county in that 47.52 % of the residents are black compared to 34.81 % county wide and

51.96 % of the residents are white compared to 63.3 % county wide. The racial composition of
residents living within 4 mile of the site also differs from the county in that 60.54 % of the
residents are black compared to 34.81 % county wide and 39.03 % of the residents are white
compared to 63.3 % county wide. Income indicators for the population within 3 and 4 miles of
the site are lower than the county. Owner occupation is higher within 3 mile of the site (25.26 %)
than the county (21.88 %). Percentages of highschool graduates within 3 .4 and 5 miles of the
site are 11.03 %, 10.48 %, and 11.45 % respectively. This is below the parish rate (19.93 %).
There are also older homes within 3 mile of the site. Overall, the demographic composition of
the population living within 5 miles of the site becomes more similar to the county.

6.5.1. Standard Mortality Ratio (SMR) Analysis
Standardized mortality ratios were computed for 5 specific cancer sites at census block
group and tract areas. SMR analysis for the three, four and five mile proximity zones was
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Table 6.5. Demographics to characterize the populations living in the 3 ,4 and 5 mile proximity zones of Scenic Highway Location

SITE(3 MILE)

EBR
All Persons
White
Black
Hispanic
Asian
Indian
Other
Urban
Rural
Gender
Female
Male
Education
High school graduates
Age Distribution
Age under 5
Age 5 to 17
Age 18 to 29
Age 30 to 49
Age 50 to 64
Age 65 up
Number of Families
Number of Households
Median Household Income

SITE(5 MILE)

SITE(4 MILE)

Population
380105
240614
132328
5761
5364
619
1197
344340
36089

%
100
63.3
34.81
1.51
1.41
0.16
0.31
90.59
9.49

Population
12973
6742
6165
106
20
28
18
3185
1964

%
100
51.96
47.52
0.81
0.15
0.21
9.22
24.55
15.13

Population
30763
12008
18626
175
50
44
35
14249
2087

%
100
39.03
60.54
0.56
0.16
0.14
0.11
46.31
6.78

Population
45717
18333
27180
271
86
64
48
23102
2166

%
100
40.1
59.45
0.59
0.18
0.13
0.1
50.53
4.73

197787
182318

52.03
47.96

6502
6361

50.11
49.03

16235
14520

52.77
47.19

23471
21792

51.33
47.66

75762

19.93

1432

11.03

3225

10.48

5239

11.45

29225
75356
86054
111744
42841
34885
96800
138620
27709

7.6
19.82
22.63
29.39
11.27
9.17

645
3201
2248
3859
1712
998
3327
4057
25828

6.51
24,67
17.32
29.74
13.19
7.69

2458
7196
7758
7646
3502
2195
7369
9065
22212

7.99
23.39
25.21
24.85
11.38
7.13

3603
10285
10673
11841
5302
3559
11019
13735
22752

7.88
22.49
23.34
25.9
11.59
7.78

Table 6.5 continued.

Poverty
Persons below poverty level
Housing
Owner Occupation
Renter Occupation
Median value_house
Median Rent
Occupation
Mining
Agriculture
Construction
Manufacturing
Manufacturing nondurablegoods
Manufacturing durablegoods
Transportation
Health
Education

72437

19.05

2103

16.21

7080

23.01

10133

22.16

83168
55452
65252
391

21.88
14.58

3278
779
56831
323

25.26
6.004

6325
2240
53437
335

20.56
7.28

9465
4270
53388
349

20.7
9.34

3276
7648
45736
83452
64128
19324
22860
52052
93864

8.59
2.01
12.03
21.95
16.87
5.08
6.01
13.64
24.69

31
147
520
405
115
136
232
322

0.23
1.13
4.008
3.12
0.88
1.04
1.78
2.48

87
287
949
734
215
252
504
1170

0.28
0.93
3.08
2.38
0.69
0.81
1.63
3.8

92
529
1554
1123
431
364
826
1660

0.2
1.15
3.39
2.45
0.94
0.79
1.8
3.63

applied to both the Scenic Highway and Brooklawn locations of Petro Processors NPL site by
primary cancer type using county rates as the comparison.
6.5.1.1. Scenic Highway Site
Table 6.6. presents the results of SMR analysis for the three mile proximity zone by
primary cancer type using county as the comparison. Two of the SMRs, lung cancer for males
and prostate cancer, were statistically elevated when compared to the county rates. The county
mortality rate for lung cancer at the block group scale (240.5) was almost two times the
proximity zone rate (134.7) with an SMR of 1.78 (95 %. Cl = 1.56-2.005). The county mortality
rate for prostate cancer (108.6) was almost three times the proximity zone rate (35.48) with a
SMR of 3.06 (95% Cl =2.49-3.63). There were no female cases found in three mile proximity
zone. Therefore, no comparison could be made.
SMR comparisons using county rates to calculate the expected number of cases for the
population living within the four mile proximity zone are presented in Table 6.7. For males, lung
and prostate cancer were significantly elevated when compared to the county rates. The county
mortality rate for lung cancer (240.5) was almost two times the four mile proximity rate (187.5)
with an SMR of 128 (95% Cl =1.12-1.44). The county mortality rate for Prostate cancer (108.6)
was almost two times the four mile proximity rate (64.78) with an SMR of 1.67 (95% Cl = 1.301.98). None of the ratios for females were significantly different from expected. However, fewer
cases were observed than expected for the female breast cancer.
Table 6.8. shows the SMR analysis for the five mile proximity zone by primary cancer
type using the county region as the comparison. None of other ratios for females were
significantly different from expected. However, few cases were observed than expected for the
female breast cancer. Lung, prostate and pancreatic cancer for males were significantly
different from expected. The county mortality rate of lung cancer for males (240.5) was almost
two times the five mile proximity rate (185.9) with an SMR of 1.29 (95% Cl = 1.13-1.45) The
county mortality rate of Prostate cancer for males (108.6) was almost two times of five mile
proximity rate (69.20) with an SMR of 1.56 (95 % Cl =1.27-1.85). Excesses of pancreatic cancer
became noticable in the five mile proximity zone rather than 3 and 4 mile proximity zones. The
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Table 6.6. Standardized Mortality Ratios (SMR) for Scenic Highway Site Three Mile Proximity
Zone Comparison Using County Rates, 1993-1996

95% C.l
(Lower-Upper)

Cancer Type

Sex

County

Proximity Zone SMR

Lung

Male

240.5

134.7

1.78

1.56-2.005

36.67

36.55

1.003

0.67-1.32

108.6

35.48

3.06

2.49-3.63

Colon
Prostate

Male
Male
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Table 6.7. Standardized Mortality Ratios (SMR) for Scenic Highway Site Pour Mile Proximity
Zone Comparison Using County Rates, 1993-1996
95% C.l
(Lower-Upper)

Cancer Type

Sex

County

Proximity Zone SMR

Lung

Male

240.5

187.5

1.28

1.12-1.44

Female

75.10

76.72

0.97

0.75-1.19

Male

36.67

34.02

1.077

0.73-1.42

Female

25.77

26.88

0.95

0.59-1.31

Prostate

Male

108.6

64.78

1.67

1.30-1.98

Breast

Female

12.01

29.18 .

0.41

0.18-0.64

Colon
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Table 6.8. Standardized Mortality Ratios (SMR) for Scenic Highway Site Five Mile Proximity
Zone Comparison Using County Rates, 1993-1996

Cancer Type

Sex

County

Proximity Zone SMR

95% C.l
(Lower-Upper)

Lung

Male

240.5

185.9

1.29

1.13-1.45

Female

75.10

71.63

1.04

0.81-1.27

Male

36.67

39.75

0.92

0.63-1.21

Female

25.77

28.10

0.91

0.56-1.26

Prostate

Male

108.6

69.20

1.56

1.27-1.85

Breast

Female

12.01

40.05

0.29

0.13-0.45

Pancreatic

Male

44.48

21.81

2.03

1.44-2.62

Female

34.17

39.42

0.86

0.58-1.14

Colon
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county mortality rate for Pancreatic cancer for males (44.48) was two times of five mile proximity
rate (21.81) with an SMR of 2.03 (95 % Cl = 1.44-2.62).

6.5.1.2. Brooklawn Site
Tables 6.9 and Table 6.10 presented the SMR comparisons for Brooklawn site using
county rates to calculate the expected number of cases for the 4 and five mile proximity zones,
respectively. None of the ratios for females were significantly different from expected. For
males, lung and prostate cancer were significantly elevated when compared to the county rates.
The county mortality rate for lung cancer (240.5) was higher than the four mile proximity
rate (155.1) with an SMR of 1.55 (95% Cl =1.36-1.74). The county mortality rate for Prostate
cancer (108.6) was almost two times the four mile proximity rate (69.20) with an SMR of 1.56
(95% Cl = 1.30-1.98).
In the five mile proximity zone, lung, prostate and pancreatic cancer for males were
significantly different from expected. The county mortality rate of lung cancer for males (240.5)
was higher than the five mile proximity rate (194.5) with an SMR of 1.23 (95% Cl = 1.08-1.38)
The county mortality rate of Prostate cancer for males (108.6) was almost two times of five mile
proximity rate (63.50) with an SMR of 1.71 (95 % Cl =1.39-2.03). Excesses of pancreatic cancer
became noticable in the five mile proximity zone rather than 4 mile proximity zones. The county
mortality rate for Pancreatic cancer for males (44.48) was two times of five mile proximity rate
(22.33) with an SMR of 1.99 (95 % Cl = 1.41-2.57).
6.6. Summary
The purpose of this chapter was to examine the spatial structure of cancer mortality and
analyze the cancer mortality data by testing four hypotheses stated at the beginning of the
chapter. The results are summarized as follows:
Statistical mapping by standard deviation classification and spatial correlogram analysis
were applied to examine the spatial character and structure of cancer mortality in East Baton
Rouge Parish. There were wide variations in specific cancer mortality rates by race among
different tracts and block groups. Among blacks, the distributions of all sites and specific cancer
mortality rates differed considerably from those among whites. Concentrations of relatively high
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Table 6.9. Standardized Mortality Ratios (SMR) for Brooklawn Site Four Mile Proximity Zone
Comparison Using County Rates, 1993-1996

Cancer Type

Sex

County

Proximity Zone SMR

Lung

Male

240.5

155.1

1.55

1.36-1.74

Female

75.10

84.13

0.89

0.69-1.09

Male

36.67

46.88

0.78

0.53-1.03

Female

25.77

28.10

0.91

0.56-1.26

Prostate

Male

108.6

69.20

1.56

1.27-1.85

Breast

Female

12.01

25.38

0.29

0.09-0.49

Pancreatic

Male

44.48

21.81

2.03

1.44-2.62

Colon
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95% C.l
(Lower-Upper)

Table 6.10. Standardized Mortality Ratios (SMR) for Brooklawn Site Five Mile Proximity Zone
Comparison Using County Rates, 1993-1996

Cancer Type

Sex

County

Proximity Zone SMR

Lung

Male

240.5

194.5

1.23

1.08-1.38

Female

75.10

96.78

0.77

0.60-0.94

Male

36.67

27.52

0.75

0.43-1.07

Female

25.77

32.05

0.80

0.48-1.12

Prostate

Male

108.6

63.50

1.71

1.39-2.03

Breast

Female

12.01

37.77

0.31

0.14-.48

Pancreatic

Male

44.48

22.33

1.99

1.41-2.57

Female

34.17

34.02

1.004

0.67-1.34

Colon

230

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

95% C.l
(Lower-Upper)

rates of cancer mortality among black males were shown in west throughout the northern part of
the parish, whereas the highest rates of cancer mortality among whites were widespread and
did not show a strong concentration in the western part of the parish.
The results of the spatial correlograms demonstrated mixed scale effects and random
distribution patterns, except that male lung cancer exhibited significant spatial autocorrelation at
lag 1 or 2 at the census block group scale. This indicates that block groups that are close to
each other generally had similar values and there is a certain degree of spatial clustering in lung
cancer mortality among males in East Baton Rouge Parish in the period 1993-1996.
1. For hypothesis one, which states that there are significant spatial dusters of black
male lung cancer mortality in East Baton Rouge Parish during the period of 1993 to 1996,
Spatial and Space-time Scan Statistic (SATSCAN) duster detection technique was applied.
Black male lung cancer dustered in the western part of the parish and the south of the
petrochemical manufacturing corridor along the Mississippi River.
2. For hypothesis two, which tests whether the spatial dusters were related to major
socioeconomic, cultural, and biophysical factors, a multiple regression analysis was conducted.
Cancer mortality among blacks had a significantly positive relationship with persons below
poverty and owner occupation, whereas cancer mortality among whites had significant positive
relationship with urban population. Lung cancer mortality rates among white females were
more closely related to water quality, whereas poverty status remained a significant predictor for
black females. The statistical summaries and maps of the most likely dustered areas revealed
that the spatial dusters were characterized by low per capita income and high percentage of
persons below poverty and they were located at the south of the petrochemical manufacturing
corridor along the Mississippi River.
3. For hypothesis three, which tests if cancer mortality rates are significantly higher
among population living dose to the two National Priority List (NPL) sites, a focused duster
analysis was conducted using the Standard Mortality Ratios (SMRs) method. None of the ratios
for females were significantly different from expeded. For males, lung and prostate cancer
were significantly elevated when compared to the county rates. The statistical summaries
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revealed that 3-mile and 4 -mile proximity zones were characterized by low per capita income
and low median value house and high percentage of persons below poverty.
4.

Hypothesis four, which tests whether the spatial analysis results changed with the

spatial scale of the data was evident. It was clear that male lung cancer correlogram curve
fluctuates more at the census block group level indicating larger spatial autocorrelation values
for finer scale. The spatial clusters of black male lung cancer mortality at both the tract and
block group scales were located at the south of the petrochemical manufacturing corridor along
the Mississippi River. There was a minor variation of the location of the clusters among the two
scales. At the tract scale, the distribution was distinct in the southwestern part of East Baton
Rouge Parish. At the block group scale, the clusters slightly shifted towards north.
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CHAPTER 7
SUMMARY AND CONCLUSIONS
Infant low birthweight and cancer mortality, as useful indicators of how East Baton Rouge
community exists in mutual interaction with the socioeconomic and physical environment, was
the focus of this dissertation.
This research suggested four hypotheses for analyzing the two health outcomes, infant
low birthweight and cancer mortality. Spatial correlogram analysis and statistical mapping
techniques were applied to examine the spatial character and structure of the two health
outcomes. Geographic Analysis Machine (GAM) and Spatial and Space-time Scan Statistic
(SATSCAN) duster detection techniques were used to test hypothesis one, which states that
there are significant spatial dusters of infant low birthweight (cancer mortality) in East Baton
Rouge Parish. Logistic regression and multiple regression analyses were applied to examine
hypothesis two, which tests whether the spatial dusters are related to major sodoeconomic,
cultural, and biophysical factors. For focused duster analysis, Standard Mortality Ratios
(SMRs) and infant low birthweight percentages for areas near the NPL sites were calculated to
examine hypothesis three, which tests if low birthweight and cancer rates are significantly
higher among population living dose to National Priority List (NPL) sites. For hypothesis four,
which tests whether the spatial analysis results changed with the spatial scale of the data, the
spatial analytical methods were applied at three geographic scales, induding census tracts,
block groups, and blocks.
For infant low birthweight, the spatial correlogram results show that there was a certain
degree of spatial dustering. It was found that the most likely dusters of infant low birthweight
were centered in the mid-western part of the parish. The logistic regression analysis for infant
low birthweight shows that increased risk of low birthweight was associated with race, sex of the
newborn, age, marital status, gestation, prenatal visits, multiple birth, and tobacco use. The risk
of low birthweight was unrelated to mother's education and alcohol use. Race seems to be a
main fador in infant low birthweight. Rate of occurrence of low birthweight among black
mothers is 1.87 times as great as the white mothers in East Baton Rouge Parish. Teenage
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mothers bearing an infant with low birthweight are dominantly black and unmarried in East
Baton Rouge Parish. This highly significant risk of low birthweight among blacks highlights the
disparity in health outcomes between blacks and whites and deserves further study.
Prematurity was found highly associated with low birthweigt. Strategies to decrease the
incidence of prematurity may have the greatest impact on reducing the number of infant low
birthweight cases in East Baton Rouge Parish. New educational programs should be initiated in
the parish for health providers and pregnant women on identifying the signs of premature labor.
The total number of prenatal visits of the mother was also a highly significant variable. The
percentage of black mothers with low birthweight infant who have insufficient prenatal care is
48.15 % in East Baton Rouge Parish. The results suggest that access to prenatal care has to
be ensured for all pregnant women, especially those with low income, teenagers, and those
living in medically underserved areas. The spatial infant low birthweight clusters are
characterized by census-based poverty indicators such as high percentage of population below
poverty, low per capita income, low median value house, low median rent.
Term low birthweight percentages in the 3-mile proximity of NPL sites were calculated
for all births, births to white mothers, and births to black mothers based on the maternal race
distribution among the census block groups in the proximity zones. No significant elevations in
term low birthweight rates were observed for total births or race-specific births in the 3-mile
vicinity of NPL site.
Statistical mapping of cancer mortality show that there were wide variations in specific
cancer mortality rates by race among different tracts and block groups. Among blacks, the
spatial distributions of all sites and specific cancer mortality rates differed considerably from
those among whites. Since high positive spatial autocorrelations for black male lung cancer
mortality were found at the first two lags at census block group scale through spatial
correlogram analysis, Hypothesis one was tested for black male lung cancer mortality only.
Black male lung cancer dustered in the western part of the parish at the south of the
petrochemical manufaduring corridor along the Mississippi River.
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It was found that poverty level appeared to be the best predicator of black male cancer
mortality rates in East Baton Rouge Parish. The spatial clusters of black male lung cancer
mortality were characterized by low per capita income, high percentage of people below
poverty, low median value house, low median rent, high percentage of owner occupation.
Urban population was an important predictor of cancer mortality among white males in East
Baton Rouge Parish. Lung cancer mortality rates among white females were more dosely
related to water quality, whereas poverty status remained a significant predidor for black
females.
For focused dustering of cancer, none of the ratios for females were significantly
different from expected. For males, lung and prostate cancer were significantly elevated when
compared to the county rates. The statistical summaries revealed that 3 and 4-mile proximity
zones were characterized by census-based poverty indicators such as high percentage of
population below poverty, low per capita income, low median value house, low median rent.
For hypothesis four, which tests whether the spatial analysis results change with the
spatial scale of the data, cancer mortality and infant low birthweight patterns at the three
geographic scales, induding census tracts, block groups, and blocks, were systematically
examined. For cancer mortality, It was dear that male lung cancer correlogram curve fluduates
more at the census block group scale indicating larger spatial autocorrelation values for finer
scale. However, for infant low birthweight, the spatial correlogram curve fluctuates more at the
census trad scale than at the block group scale, indicating larger spatial autocorrelation values
for coarser scale. It was found that temporally aggregated data into a period such as a
temporal duration of 5 years would be benefidal because it gives stability to the duster
investigation and risk estimation of infant low birthweight and cancer mortality in East Baton
Rouge Parish. For cancer mortality, besides aggregating overtime, data could be aggregated
over space by adding enough small units together to create a stable population.
At all spatial scales, significant dusters of infant low birthweight were deteded in the
western part of the parish. There was no considerable variation of the geographic area of the
most likely dusters across scales. Minor changes in the size of the duster occur in the yearly
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data, indicating a slight temporal scale effect at the census block group and tract scales. The
spatial clusters of black male lung cancer mortality at both tract and block group scales were
located at the south of the petrochemical manufacturing corridor along the Mississippi River.
There was a minor variation of the geographic area of the most likely dusters among the two
scales. At the tract scale, the distribution was distinct in the southwestern part of East Baton
Rouge Parish. At the block group scale, the dusters condensed and slightly shifted towards
north.
In investigation of infant low birthweight and cancer mortality by spatial analysis, this
dissertation has contributed to our understanding of the relation of two health outcomes and
environment identifying evidence of spatial dusters. This research recognized the possible
causes of the two health outcomes in East Baton Rouge Parish and the results contributed to
institute preventive measures to reduce the likelihood of similar dusters in the future. The
findings from this study confirm the results of the New Jersey Department of Health (1992)
study that infant low birthweight rates were related to sociodemographic characteristics, but this
study was not able to make statistically significant assodations between exposure variables
such as drinking water and infant low birthweight. This study also confirms the results of the
previous studies on cancer mortality in Louisiana (Chen et al. 1988,1990,1991,1996) that
poverty status is assodated with lung cancer risk. The resultant spatial dusters of black male
lung cancer mortality at the south of the petrochemical manufaturing corridor along the
Mississippi River at the census trad scale were similar to those found by Bark (2000). This
dissertation has also demonstrated that GIS is an effective tool in the management and analysis
of existing health outcome databases, though most of the original data were not yet in directly
usable form for GIS. GIS was effective in modeling and measuring the effects of various fadors
contributing to the uncertainties such as the effects of spatial scale, time scale, and data types.
In this dissertation, investigation at multiple geographic scales provided credible
information that could answer questions about infant low birthweight and cancer mortality
dusters and examine the change in results with the spatial scale of the data. Using the same
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data with more than one level of scale helped to allay concerns about infant low birthweight and
cancer mortality cluster investigations in East Baton Rouge Parish, Louisiana.

7.1 Future Research
There needs to be a better balance in future research between efforts that involve
improving geographic information and those that involve improving methods of statistical
analysis. The results could be compared by applying other spatial analytical methods such as
spatial filtering technique to improve detecting disease clusters and surveillance data within a
geographic information system. Detailed exposure studies such as case control studies are
needed to generate geographic clues. More disaggregate data on cigarette smoking, drinking,
dietary factors, family history, and pollution over a long term are needed. The primary limitation
of the system is the inherent quality or gaps in existing data. The types of data collected in
pertinent existing health databases should be reviewed to determine if additional information
such as individual's income and exposure to environmental pollution could be collected by
existing systems and improve the quality of collected data. The collection and monitoring of
drinking water quality for both private and public wells should be upgraded. Complete
addresses should be mandated on all reported information to facilitate address matching
capabilities of GIS.

237

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

REFERENCES
Abler, R. 1987. The National Science Foundation National Center for Geographic Information
and Analysis. International Journal of Geographical Information Systems. 1:303-26.
Abramson, J.H. 1980. Clustering of Hodgkin's disease in Israel: A Case-control Study
International Journal of Epidemiology 9:137-144.
Aldrich, T., Savitz, L., and Wittie, P. 1994. Evaluating Clusters of Adverse Health Outcomes. In
Geographic Methods for Health Service Research, eds. T. Ricketts et al.: 277-302.
Maryland: University Press of America, inc.
Alexander, G.R. 1985. Racial Differences in the Relation of Birthweight. Public Health Report.
5: 39-47.
Alexander, F.E.. Williams, J., McKinney, PA., Cartwright. R A, and Ricketts. T.J. 1989. A
specialist leukemia/lymphoma registry in the UK. Part 2: Clustering of Hodgkin's
Disease. British Journal of Cancer. 60:948-52.
Alexander, F.E. 1991. Investigations of localized spatial clustering, and extra Poisson variation.
In Geographical Epidemiology of childhood leukemia and non-Hodgkin's lymphoma in
Great Britain, 1966-83, ed. G. draper. 69-76. Studies on Medical and Population
Subjects No. 53. HMSO, London.
American Cancer Society. 1982,1983,1986,1993. Cancer Facts and Figures. Atlanta:
American Cancer Society, Inc.
Amrhein, C.G. 1994. Testing the use of a hybrid regionalisation scheme for confidential tax-filer
data. Canadian Journal of Regional Science 17:259-274.
Amrhein, C.G. and Reynolds, H. 1996. Using Spatial Statistics to Assess Aggregation Effects.
Geographical Systems. 3:143-158. Overseas Publishers Association. The Netherlands.
Amrhein C.G. 1995. Searching for the elusive aggregation effect: Evidence from statistical
simulations. Environment and Planning. 27:105-119.
Annual Cancer Statistics Review 1973-1987.1990. U.S. Department of Health and Human
Services, Public Health Service, National Institutes of Health, National Cancer Institute.
NIH Publication 90:2789. Bethesda, Maryland.
Anselin, L. and Getis, A. 1992. Spatial Statistics Analysis and Geographic Information
Systems. Annals o f Regional Science. 26:19-33.
Arbia, G. 1989. Spatial Data Configuration in Statistical Analysis of regional economic and
related problems. KJuwer, Dordrecht.
Arbia, G. 1995. The direct and inverse problem in economic data aggregation. Kluwer,
Dordrecht.
Armstrong, R.W. 1969. Standardized Class Intervals and Rate Computation in Statistical Maps
of Mortality. Annals of the Association ofAmerican Geographers 59:382-390.
Armstrong, R.W. 1972. Computers and Mapping in Medical Geography. In Medical
Geography: Techniques and Field Studies, ed. N.D. McGlashan: 69-88. London:
Methuen.

238

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Atkinson, A.C. 1980. A note on the generalized information criterion for choice of a model.
Biometrika, 67:413-418.
Babin, E. 1979. United States Cancer Mortality Regions: 1959-1969. Social Science and
Medicine.13:39-43.
Babin, E. 1986. United States Chapter 3. In Global Geocancerology, ed. G.M. Howe: 61-89.
New York:Churchill Livingstone.
Bark, M. 2000. Cancer Mortality and Environment in Louisiana: A geographical inquiry.
Unpublished Dissertation, Louisiana State University, Department of Geography.
Baron, J.A. 1984. Cancer mortality in small areas around nuclear facilities in England and
Wales. British Journal o f Cancer. 50:815-824.
Beck, L.R., Wood, B.L. and Dister, S.W. 1995. Remote Sensing and GIS:New tools for
mapping human health. Geographic Information Systems. September. 32-37.
Berghaus, H. 1852. Physikalischer Atlas. Gotha: J. Perthes.
Berkowitz, G.S. 1981. An epidemiological study of preterm delivery. American Journal of
Epidemiology. 113:81-92.
Besag, J. and Newell, J. 1991. The detection of dusters in rare diseases. Journal of Royal
Statistics of Social Science. 152:143-155.
Bithell J.F. 1990. An application of density estimation to geographical epidemiology. Statistics in
Medicine 9:691 -701.
Black, D. 1984. Investigation of the possible increased incidence of cancer in West Cumbria.
London: HMSO.
Black, J., Sharp, L., and Urquhart, J.D. 1991. An analysis of the geographical distribution of
childhood leukemia and non-Hodgkin's lymphomas in Great Britain using areas of
approximately equal population size. In Geographical Epidemiology of childhood
leukemia and non-Hodgkin’s lymphoma in Great Britain, 1966-83, ed. G. Draper.61-7.
Studies on Medical and Population Subjects No. 53. HMSO, London.
Blot, W.J., Fraumeni, J.F., Mason, T.J., and Hoover, R.N. 1979a. Developing Clues to
Environmental Cancer A Stepwise Approach with the Use of Cancer Mortality Data.
Environmental Health Perspectives 32:53-58.
Blot, W.J., Stone, B., Fraumeni, J.F. and Morris L. 1979b. Cancer mortality in U.S. counties
with shipyard industries during World War II. Environmental Research. 181:281-290.
Bove F.J., Fulcomer M.C., Klotz J.B. 1992. Public Drinking water contamination and birth
weight, fetal deaths and birth defects: A cross sectional study. New Jersey Department
of Health.
Bowen, W.M., Sailing, M.J., Haynes, K.E., and Cyran, E.J. 1995. Toward Environmental
Justice: Spatial Equity in Ohio and Cleveland. Annals of the Association of American
Geographers 85:641-663.
Breslow, N. 1984. Extra-Poisson variation in loglinear models. Applied Statistics 33:36-44.

239

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

Breslow, N. and Day, N. 1987. Statistical Methods in Cancer Research. Volume ll-The Design
and Analysis of Cohort Studies. New York: Oxford University Press.
Briggs, R. and Leonard, W A 1977. Mortality and ecological structure: a canonical approach.
Social Science Medicine. 11: 757-762.
Briggs, D. J. 1991. Infant mortality in Huddersfield District Health Authority, 1982-1991. Report
of a Study on behalf o f West Yorkshire Health Authority. Huddersfield: Institute of
Environmental and Policy Analysis, University of Huddersfield and Environmental
Epidemiology Unit London School of Hygiene and Tropical Medicine.
Brillinger, D.R. 1986. The natural variability of vital rates and associated statistics. Biometrics.
42: 693-734.
Brown, L.M., Pottem, L.M., and Blot, W.J. 1984. Lung cancer in relation to environmental
pollutants emitted from industrial sources. Environmental Research. 34:250-61.
Bryan, M.H., Hardie, J.H., Reilly, B.J. and Swyer, P.R. 1973. Pulmonary function studies during
the first year of life in infants recovering from the respiratory distress syndrome.
Pediatrics. 52:169-178.
Burke, T.A., Gray S., Krawiec C.M. 1980. An environmental investigation of clusters of
leukemia and Hodgkin's disease in Rutherford, New Jersey. Journal of Medical Society.
77:259-264.
Burke, D.S., Nislak A., Ussery M.A.. 1982. Antibody capture immunoassay detection of
Japanese encephalitis virus immunoglobulin M and G antibodies in cerebrispinal fluid.
Journal of Clinical Microbiology. 16:1034-1042.
Burrough, P. 1986. Principles of Geographical Information Systems for Land Resources
Assessment. Oxford: Oxford University Press.
Caliper Corporation. 1990. GisPlus: Geographic Information System. Newton, Massachusetts.
Carrat F. and Valleron, A.J. 1992. Epidemiological mapping using the‘Kriging* Method:
Application to an influenza-like illness epidemic in France. American Journal of
Epidemiology. Johns Hopkins University. Vol.135. No.11:1293-1300.
Chen. V.W., Correa, P., and Diego, Z.E. 1984. Lung Cancer Leading Cause of Cancer Deaths
in Louisiana White Females. Journal o f National Cancer Institute 72:1-2.
Chen, V.W., Correa, P., Craig, J.F., and Fontham, E.T.H. 1988. Cancer Survival Poorer in
Louisiana? Journal of the Louisiana State Medical Society. 140(4):20-28.
Chen, V.W., Craig, J.F., Fontham, E., Lin, Y. and Correa, P. 1990. Cancer in Louisiana,
Vol. VI: Cancer incidence in south Louisiana 1983-1986. Louisiana Tumor Registry Office of
Public Health.
Chen, V.W., Fontham, E., Groves, F.D., Craig, J.F., and Correa, P. 1991. Cancer in Louisiana,
Vol VII: Cancer Incidence in South Louisiana 1983-1986. New Orleans: Louisiana
Tumor Registry Office of Public Health.
Chen, V.W., Fontham, E.T.H., Graig, J.F. 1992a. Cancer in South Louisiana, Part ^Tobaccorelated cancers. Journal of the Louisiana State Medical Socwfy^Special Issue
144(4):149-155.

240

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Chen, V.W., Groves, F.D., Fontham., E.T.H., Craig, J.F. 1992b. Cancer in South Louisiana,
Part III: Cancer of the Breast and the Reproductive System. Journal of the Louisiana
State Medical Society. 146:137-145.
Chen, V.W., Correa, C.N., Wu, X.C., Andrews, PA . 1996. Cancer Incidence in Louisiana 19881992 VIII(1-9). New Orleans: Epidemiology Section. Louisiana State University Medical
Center.
Chen, V.W., Wu, X., Andrews, PA., and Lucas., H.F. 1997. Highlights of Cancer Incidence in
Louisiana, 1988-1992. Journal o f the Louisiana State Medical Society. 149:199-124.
Chen, V.W., Wu, X., Andrews, PA. 1988. Cancer Incidence in the Industrial Corridor: An
Update. Journal of the Louisiana State Medical Society. 150:158-167.
Chen, D„ Getis, A. 1998. Point Pattern Analysis (PPA). Department of Geography. San Diego
State University. San Diego, CA. Unpublished.
Clapp, R.W.; Cobb, S.; Chan, C.K.; Walker, 1987. Leukemia near Massachusetts nuclear
power plant British Journal o f Medicine. Lancet 2:1324-1325.
Chiang, C.L. 1961. Standard error of the age-adjusted death rate. Vital Statistics Selected
Reports 47:9. Washington.
Clayton, D. G. 1982.The analysis of prospective studies of aetiology. Communications in
Statistics, Theory and Methods 11:2129-2155.
Cliff, A.D., Haggett, P. 1988. Atlas of the Distribution of Diseases, Analytical Approaches to
Epidemiological Data. Oxford: Basil Blackwell Ltd.
Cliff, A.D. and Haggett, P. 1986. Spatial Aspects of Influenza Epidemics. London: Pion.
Cook-Mozaffari, P.J.; Ashwood, F.L.; Vincent T.; Forman, D.; AJderson, M. 1987. Cancer
incidence and mortality in the vicinity of nuclear installations in England and Wales
1959-1980. Office of population censuses and surveys. London; HMSO.
Cook-Mozaffari, P., Darby S., Doll R. 1989a. Cancer near potential sites of nuclear installations.
Lancet 1989 ii: 1145-47.
Cook.-Mozaffari, P., Darby, S., Doll, R. 1989b. Geographic variation in mortality from leukemia
and other cancers in England and Wales in relation to proximity to nuclear installations,
1969-1978. British Journal of Cancer 59:478-85.
Correa, P. and Johson, W.D. 1983. Cancer and Lifestyle in Louisiana. Journal of Louisiana
State Medical Society.4-6.
Cox, D. R. 1972. Regression models and life tables. Journal of the Royal Statistical Society,
Series B, 34,187-200.
Craft, A.W.; Openshaw, S.; Birch, J. 1984. Apparent dusters of childhood lymphoid malignancy
in Northern England. Lancet 2; 96-97.
Croner, C.M., Pickle, L.W., Wolf, D.R. and White, A. 1992. A GIS approach to hypothesis
generation in epidemiology. Technical Papers, ASPRS/ACSM/RT92. Proceeding: GIS
and Cartography. 3:275-283.

241

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Crump, K.S., and Cuddihy, R.G. 1987. Cancer incidence patterns in the Denver metropolitan
area in relation to the Ricky Flats plant American Journal of Epidemiology. 126:127135.
Cynowski, M. 1959. Maps based on Probabilities. Journal of the American Statistical
Association 54: 385-388.
Davis , D.L. and Hoel, D. (eds). 1990. Trends in Cancer Mortality in Industrial Countries. Annals
of the New York Academy of Sciences 609. New York: New York Academy of
Sciences.
Day, R„ Ware, J.H., Wartenberg, D., and Zelen, M. 1988. An investigation of a reported cancer
cluster in Randolph, Massachusetts. Journal of Clinical Epidemiology. 42:137-50.
Deane, M., Swan S.H., Hams J.A., Neutra R.R. 1989. Adverse pregnancy outcomes in relation
to water contamination, Santa Clara County, California. American Journal of
Epidemiology 129: 894-904.
Dent, O.F. and Goulston, K.J. 1982. A Short scale of cancer knowledge and some
socio-demographic correlates. Social Science and Medicine 16:235-245.
De Savigny, D. and Wijeyaratne, P., eds. 1995. GIS for Health and the Environment. Ottawa:
International Development Research Center.
Doll, R. and Peto, R. 1981. The Causes of Cancer Quantitative estimates of avoidable risks of
cancer in the United States today. New York: Oxford University Press.
Dunham L.J. and Bailar J.C. 1968. World maps of cancer mortality rates and frequency ratios.
Journal of National Cancer Institute 41:155-203.
Elliott, P. ed. 1989. Methodology o f enquiries into disease clustering. Small Area Health
Statistics Unit, London.
Elliott, P. 1992. The Small Area Health Statistics Unit a national facility for investigating health
around point sources of environmental pollution in the United Kingdom. Journal of
Epidemiolgy and Community Health. 46: 345-349
Elliott, P. and Cuzick J. 1992. Geographical & Environmental Epidemiology: Methods for SmallArea Studies. Oxford University Press: 14-21.
English, D. 1992. Geographical Epidemiology and Ecological Studies. Geographical and
Environmental Epidemiology: Methods for Small-Area Studies. Oxford University
Press.
Enstrom, J.E. 1983. Cancer mortality patterns around the Sanonofre nuclear power plant,
1960-1978. American Journal of Public Health. 73:83-92.
Falk, R.T., Pickle, L.W., Fontham, E.T.1988. Life-Style Risk factors for Pancreatic Cancer in
Louisiana: A case-control study. American Journal of Epidemiology 128(2):324-336.
Fandrich, J. and Zwick, P. 1993. Using a GIS to Evaluate Radon Potential and its effect on
Housing. Abstracts 89? Annual Meeting of die Association of American Geographers
68. Washigton, D.C.: Association of American Geographers.

242

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Feng, W. 1998. Projecting the AIDS Epidemic in the United States Using an Artificial Neural
Network Model. An unpublished thesis: Department of Geography and Anthropology of
Louisiana State University, Baton Rouge.
Fischer, M. and Nijkamp P. 1992. Geographic Information Systems and Spatial Analysis.
Annals o f Regional Science 26:3 -17.
Fitzpatrick-Lins, K. 1990. Radon Potential defined by exploratory Data Analysis and
Geographic Information Systems. Selected papers in the applied computer sciences
1990. Ed. D. A. Wiltshire, U.S. Geological Survey Bulletin 1908: E1-E-10.
Fontenot W. 1983. Presentation to the Governor's Task Force on Environmental Health. Baton
Rouge, Louisiana.
Fontham, E.T.H., Correa, P., Chen, V.W., Craig J.F., Picket L.W. 1988a. Tobacco and Cancer.
Journal of the Louisiana State Medical Society 140:29-40.
Fontham, E.T.H., Pickle, L.. 1988b. Dietary Vitamins A and C and Lung Cancer Risk in
Louisiana. Cancer62(10):2267-2273.
Foreman, D., Cook-Mozaffari, P., Darby, S. 1987. Cancer near nuclear installations. Nature
329:499-505.
Furstenberg, F.F. 1976. Unplanned Parenthood: The social consequences of teenage
childbearing. New York: The Free Press.
Gardner, M.J.; Hall, A.J.; Downes, S.; Terrell, J.D. 1987a. Follow up study of children bom to
mothers resident in Seascale, West Cumbria (birth cohort). British Medical Journal.
295:822-827.
Gardner, M.J.; Hall, A.J.; Downes, S.; Terrell, J.D. 1987b. Follow up study of children bom
elsewhere but attending schools in Seascale, West Cumbria (schools cohort). British
Medical Journal. 295:819-822.
Gardner, M.J. 1989. Review of reported increases of childhood cancer rates in the vicinity of
nuclear installations in the UK. Journal of the Royal Statistical Society, Series A.
152: 307-25.
Gardner, M.J.; Hall, A.J.; Snee, M.P.; Downes, S.; Powell, C A ; Terrell, J.D. 1990a. Results of
case-control study of leukemia and lymphoma among young people near SellafiekJ
nuclear plant in West Cumbria. British Medical Journal. 300:423-429.
Gardner, M.J.; Hall, AJ.; Snee, M.P.; Downes, S.; Powell, C A .; Terrell, J.D. 1990b. Methods
and basic data of case-control study of leukemia and lymphoma amoung young people
near Sellafield nudear plant in West Cumbria. British Medical Journal. 300:429-434.
Getis A. 1984. Interaction modeling using second-order analysis. Environmental Planning A
16: 173-183.
Getis A., Franklin J., 1987. Second-order neighborhood analysis of mapped point patterns.
Ecology 68: 473-477.
Glaser, S.L. 1990. Spatial dustering of Hodgkin’s disease in the San Francisco bay area.
American Journal of Epidemiology. 132(1 ):S167-S177.

243

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Glass, L., Kolko, H. and Evans, H. 1971. Factors influencing predisposition to serious illness in
low birth weight infants. Pediatrics. 48(3): 368-371.
Glass, G.E., Schwartz, B.S., Morgan, J.M., Johnson, D.T., Noy, P.M. and Israel, E. 1995.
Environmental risk factors for Lyme disease identified with geographic Information
Systems. American Journal of Public Health, 85(7): 944-948.
Glick, B.J. 1977. Environment and Disease: A Spatial Analytic Model and Application to
Cancer in Pennsylvania. Ithaca, N.Y.: Program in Urban and Regional Studies, Cornell
University.
Goldman, L.R., B. Paigen, M.M. Magnant, and J.H. Highland. 1985. Low Birthweight,
prematurity, and birth defects in children living near hazardous waste site, Love Canal.
Hazardous Waste Materials 2:209-223.
Goodall, B. 1987. The Facts on File Dictionary of Human geography. New York: Facts on Files,
Inc.
Goodchild, M.F. 1986. Spatial Autocorrelation. CATMOG Concepts and Techniques in Modem
Geography. No.47. Norwich, England: Geo Books.
Goodchild, M. 1987. A spatial analytical perspective on geographical information systems.
International Journal of geographic Information Systems. 1:327-34.
Goodchild, M., Abler R.F., Marcus M.G., Olson J.M. eds. 1992. Analysis. Geography’s Inner
Worlds: Pervasive Themes in Contemporary American Geography. Rutgers University
Press, New Jersey.
Gore, S.M., Pocock, S.J. and Kerr, G.R. 1984. Regression models and non-proportional
hazards in the analysis of breast cancer survival. AppTied Statistics. 33:176-195.
Gottlieb, M.S., Stedman R.B. 1979. Lung cancer in shipbuilding and related industries in
Louisiana. Southern Medical Journal 72:1099-1101.
Gottlieb, M.S., Pickle L, Blot W.J., Fraumeni J.F. 1979. Lung cancer in Louisiana: Death
Certificate Analysis. Journal of National Cancer Institute. 63:1131-1137.
Gottlieb, M.S. 1980. Lung cancer and the petroleum industry in Louisiana. Journal
Occupational Medicine. 22:384-388.
Gottlieb, M.S. Carr J.K., Morris D.T. 1981. Cancer and drinking water in Louisiana: Colon and
rectum. International Journal of Epidemiology 10:117-125.
Gottlieb, M.S. and Pickle L.W. 1980. Bladder cancer mortality in Louisiana. Journal of
Occupational Medicine 22:384-388.
Gottlieb, M.S., Carr J.K. 1982. Case-control cancer mortality study and chlorination of drinking
water in Louisiana. Environmental Health Perspectives. 46:169-177.
Gottlieb, M.S., Carr J.K. and Clarkson J.R. 1982. Drinking water and cancer in Louisiana.
American Journal o f Epidemiology 116:652-667.
Greenberg M.R. 1983. Urbanization and Cancer Mortality. Oxford University Press, New York.
Greenberg M.R. 1986. Disease competitions a factor in ecological studies of mortality: the case
of urban centers. Social Science Medicine, 23:929-934.
244

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Greenberg, M.R. and Wartenberg, 0 . 1991. Communicating to an alarmed community about
Cancer Clusters: A fifty state survey. Journal o f Community Health 16:71-82.
Greenland, S. 1990. Divergent Biases In Ecologicand Individual-Level Studies. Paper
presented at the Second Annual Meeting of the International Society for Environmental
Epidemiology. August 12-15, Berkeley, CA.
Griffiths, M. 1971. A Geographical Study of Mortality in an Urban Area. Urban Studies
8 : 111- 120 .
Groves, F.D., Griener, E.D., and Fontham, E.T.H. 1992. Lung Cancer Rates and Risk Factors
in St. Bernard Parish, Louisiana: An Ecological Study. Journal o f Louisiana State
Medical Society. 144:271-277.
Groves, F.D., Andrews, P.A., Chen, V.W., Fontham, E.T.H., and Correa, P. 1994. Cancer
Incidence in South Lousiana, 1983-1987. Unpublished.
Gubler, D.J, Casta-Velez A. 1991. A program for prevention and control of epidemic dengue
and dengue hemorrhagis fever in Puerto Rico and the U.S. Virgin Islands. Bulletin Pan
American Health Organization 25:237-247.
Guthrie, F.E., Perry J.J. 1980. eds. Introduction to Environmental Toxicology. New York, New
York: Elsevier Press, N.Y.
Hack M., Klein, N.K., Taylor, H.G. 1995. Long-term developmental outcomes of low birthweight
infants. The future of children. Low Birthweight; 5:19-34.
Haenszel W., Marcus S.C. and Zimmerer E.G. 1956. Cancer Morbidity in Urban and Rural
Iowa, Public Health Monograph 37. U. S. Government Printing Office, Washington DC.
Haenszel W. 1961. Cancer mortality among the foreign-born in the United States. Journal of
National Cancer Institute. 26:37-132.
Haenszel W. and Kurihara M. 1968. Studies of Japanese migrants.'Mortality from cancer and
other diseases among Japanese in the United States. Journal o f National Cancer
Institute. 40:43-68.
Haenszel W. and Kurihara M., Segi M. 1972. Stomach cancer among Japanese in Hawaii.
Journal of National Cancer Institute. 49: 969-988.
Haggett, P.A., Cliff, D., and Frey, A. 1977. Locational Analysis in Human Geography. New York:
John Wiley & Sons.
Haining, R. P. and Wise, S. M. 1991. GIS and spatial analysis: report on the Sheffield
Workshop. Regional Research Laboratory Initiative Discussion Paper 11, Department
of Town and Regional Planning. University of Sheffield.
Halperin W., Altman R., Stemhagen, A. 1980. Epidemiologic investigation of dusters of
leukemia and Hodgkin’s disease in Rutherford, New Jersey. Journal of Medical Society.
77: 267-273.
Hardy, J.B., Drage, J.S. and Jackson, E.C. 1979. The First Year of Life: The Collaborative
Perinatal Study of the National Institute of Neurological and Communicative Disorders
and Stroke. Baltimore: Johns Hopkins University Press.

245

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Harris, R.H., Page T., Reiches N.A. 1977. Carcinogenic hazards of organic chemicals in
drinking water. In Hiatt, J., Watson, J., Winsten. Eds. Origins of Human Cancer.
Colorado Springs Harbor laboratory.
Hauck, W.W. and A. Donner. 1977. Wald’s test as applied to hypotheses in logit analysis.
Journal of the American Statistical Association, 72:^851-853.
Heath, C. W.Jr and Hasterlik, R.J. 1963. Leukemia among children in a suburban community.
American Journal of Medicine. 34:796-812.
Heitgerd, J.L., Burg, J.R. and Strickland, G.A. 1995. Geographic information systems approach
to estimating and assessing national priorities list site demographics: Racial and
Hispanic origin composition. International Journal of Occupational Medicine and
Toxicology 4{3):343*363.
Heywood, 1.1990. Geographic Information Systems in the Social Sciences. Environment and
Planning A 22: 849-854.
Higginson, J., Muir, C.S., and Munoz, N. 1992. Human cancer Epidemiology and
Environmental Causes. Cambridge: Cambridge University Press.
Hightower, A.W., Hawley, W., Nahlen, B., Koumans, E., Lai, A. and Colley, 0 . 1995. GIS/DGPS
applied to the Asembo Bay Malaria Cohort Project. American Society of Tropical
Medicine and Hygene Meetings. San Antonio Texas.
Hills, M. and Alexander, F. 1989. Statistical methods used in assessing the risk of disease near
a source of possible environmental pollution: a review. Journal of Royal Statistical
Society A 152:353-363.
Hills, M. 1992. Some comments on methods for investigating disease risk around a point
source. In Geographical and Environmental EpidemiOlogy-Methods for Small Area
Studies, eds. P.EIIIiott et al. London: Oxford University Press.
Hjalmars, U., Kulldorff, M., Gustafsson, G„ and Nagarwalla, N. 1996. Childhood leukemia in
Sweden: Using GIS and a spatial scan statistic for duster detection. Statistics in
Medicine 15:707-715.
Hoem, J.M. 1987. Statistical analysis of a multiplicative model and its application to the
standardization of vital rates. International Statistical Review. 55:119-152.
Hoover, R. and Fraumeni J.Jr. 1975. Cancer mortality in U.S. counties with chemical industries.
Environmental Research. 9:196-207.
Hopps, H.C. 1969. Computer-produced Distribution Map>s of Disease. Annals of the New York
Academy of Science CLXI.
Howe, G.H. 1986a. Does it mater where I live?. Transactions o f the Institute of British
Geographers. New Series 6:387-414.
Howe, G.H. 1986b. Global Geocancerotogy. New York: ChurchilLLivingstone.
Huel, G„ Petiof, J., and Lazar, P. 1986. Algorithm for the grouping of contagious geographical
zones. Statistics in Medicine 5:171-181.
Hughes, J., Weill, H., and Hammad, Y. 1987. Mortality of workers employed in two asbestos
cement manufacturing plants. British Journal o f Industrial Medicine 44:161-174.
246

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Hytenn, F.E., and Leittch, 1.1971. The Physiology of Human Pregnancy. Oxford: Blackwells.
Inaba, Y, Yanai, H., and Hammad, Y. 1981. Mortality of workers employed in two asbestos
cement manufacturing plants. British Journal of Industrial Medicine 44:161-174.
Isaaks, E.H. and Srivistava, R.M. 1989. An Introduction to Applied Geostatistics. Oxford
University Press.
Jacquez, G.M. 1996. Disease cluster statistics for imprecise space-time locations. Statistics in
Medicine 15:873-886.
Jarvelin, M., Elliot P., Kleinschmidt I., Martuzzi M., Grundy C., Hartikainen A., Rantakallio P.
1997. Ecological and individual predictors of birthweight in a northern (inland birth
cohort 1986. Paediatric and Perinatal Epidemiology, 11.298-312.
Jekel, J.F., Harrison, J.T. and Bancroft, D.R.E. 1975. A comparison of the health of index and
subsequent babies bom to school age mothers. American Journal o f Public Health.
3 (65):370-374.
Kahn, H.A. and Sempos, C.T. 1989. Statistical Methods in Epidemiology. New York: Oxford
University Press.
Kester, J., Holly, A., and KriegerG. 1994. Human Health Risk Assessment. In Environmental
Science and Technology Handbook. Government Institutes, Inc. Maryland.
Keyfitz, N. 1966. Sampling variance of standardized mortality rates. Human Biology. 38:309317.
King, H. and Haenszel, W. 1973. Cancer mortality among foreign and native bom Chinese in
the United States. Journal of Chronic Diseases. 26:623-646.
Knox, E.G. 1989. Detection of clusters. In Methodology of inquiries into disease clustering, ed.
P. Elliot. Small Area Health Statistics Unit, London.
Koos, B.J., and Longo, L.D. 1976. Mercury toxicity in the pregnant woman, fetus, and new bom
infant a review. American Journal o f Obstetric Gynecology. 126:390-409.
Kramer, M.D., Lynch, C., Isacson, P., Hanson, J.W. 1992. The association of waterborne
trihalomethane exposure with intrauterine growth retardation. Birth Defects Registry
Report. University of Iowa, Department of Preventive Medicine,
Kraybill, H.F. 1977. Carcinogenesis induced by trace contaminants in potable water, in
Berchart et al. Eds Virus and Trcae Contamionants in Water and Waste Water, Ann
Arbor, Michigan: Ann Arbor Science Publications.
Kyle, R.A., Herber, L., Evatt, B.L.„ Heath, C.W. 1970. Multiple myeloma: a community cluster.
Journal of the American Medical Association. 213(8):1339-41.
Kulldorf, M. and Nagarwalla, N. 1995. Spatial disease clusters: detection and inference.
Statistics in Medicine 14(8):799-811.
Kulldorf, M. 1997. A Spatial Scan Statistic. Communications in Statistics: Theory and Methods
26:1481-1496.

247

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Kulldorf, M., Feuer, E.J., Miller, B A , and Freedman, L.S. 1997. Breast Cancer in Northeastern
United States: a Geographical Analysis. American Journal o f Epidemiology 146:161170.
Lagakos, S.W., Wesser, B. J., and Zelen, M. 1986. An analysis of contaminated well water and
health effects in Woburn, Massachusetts. Journal of the American Statistical
Association. 81:583-614.
Lam, N. S.-N. 1983. Spatial interpolation methods: a review. The American Cartographer
10(2):129-149.
Lam, N. S.-N. 1986. Geographical patterns of cancer mortality in China. Social Science and
Medicine 23(3):241-247.
Lam, N. S.-N. and De Cola, L , eds. 1993. Fractals in Geography. Englewood Cliffs, NJ:
Prentice Hall.
Lam, N. S.-N. and Liu, K.B. 1994. Spread of AIDS in Rural America, 1982-1990. Journal of
Acquired Immune Deficiency Syndrome 7:485-490.
Lam, N. S.-N. and Liu, K. B. 1996. Use of Space-Filling Curves in Generating a National Rural
Sampling Frame for HIV/AIDS Research. The Professional Geographer 48(3):321-332.
Lam, N. S.-N., Fan, M. and Liu, K. B. 1996. Spatial-temporal spread of the AIDS epidemic: A
correlogram analysis of four regions of the United States. Geographical Analysis 28(2):93107.
Lam, N. S.-N., Dugas, D. M., and Smith, K. 1998a. A spatial analysis framework for human
health risk assessment. Paper presented at the Annual Meetings of the Association of
American Geographers, Boston.
Lam, N. S.-N., Quattrochi, D. A., Qiu, H.-L., and Zhao, W. 1998b. Environmental assessment
and monitoring with image characterization and modeling system using multiscale
remote sensing data. Applied Geographic Studies 2(2):77-93.
Langham, RA. 1983. Presentation to the Governor's Task Force on Environmental Health. New
Orleans, Louisiana.
Lawrence, R. A and Merritt, T. A. 1981. Infants of Adolescent mothers:Perinatal, Neonatal and
infancy outcomes. Seminar perinatal, 5:19-32.
Lawson, A. 1993. On the analysis of mortality events associated with a prespecified fixed point
Journal o f the Royal Statistical Society Series. 156: 363-77.
Learmonth, A.TA. 1972. Atlases in Medical Geography 1950-1970: A review. In Medical
Geography: techniques and Field Studies, ed. N.D. McGlashan:133-152. London:
Methuen & Co Ltd.
Lemeshow, S. and Hosmer, D.W. 1982. A review of goodness-of-fit statistics for use in the
development of logistic regression models. American Journal of Epidemiology., 115:92106.
Lewis, C.T., Mathews, T.J., Heuser, R.L. 1996. Prenatal care in the United States, 1980-94.
National Center for Health Statistics. Vital Health Statistics 21 (54).

248

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Lopez, A. 1983. Presentation to the Governor's Task Force on Environmental Health. New
Orleans, Louisiana.
Louisiana Health Report Card. 1998a. Low Birth Weight. Population and Vital Statistics .*21.
Louisiana Health Report Card. 1998b. Infant Mortality. The Louisiana State Center for Health
Statistics. Louisiana Office of Public Health:47New Orleans.
Magnuson, W. 1980. The poisoning of America. 77me.1 16:58-71.
Mallin, K. 1990. Investigation of a bladder cancer duster in northwestern Illinois. American
Journal of Epidemiology. 132: S96-S106.
Marr, P. and Moms, Q. 1995. People, poisons, and pathways: A case study o f ecologic fallacy.
Abstracts of the International Symposium on Computer Mapping in Epidemiology and
Environmental Health, Tampa, Florida, Feb. 1995:42.
Marshall, R.J. 1991. A review of methods for the statistical analysis of spatial patterns of
disease. Journal o f Royal Statistical Society A 154. Part 3:421-441.
Marx J.L. 1974. Drinking water. Another source of carcinogens? Science 186:809-811.
May, J.M. 1958. The ecology of human disease. New York: MD Publications.
Mayer D.J. 1983. The role of spatial analysis and geographic data in the detection of disease
causation. Science and Medicine. Great Britain: Pergamon Press. 17:1213-1221.
Me Bride, W.G. 1961. Thalidomide and congenital anomalies. Lancet 2:1358.
McCormick, M.C., Shapiro, S., and Starfield., B. H. 1984. High Risk young mothers: Infant
mortality and morbidity in four areas in the United States, 1973-1978. American Journal
of Public Health. 74 (1):18-22.
McGlashan, N.D. and Bond, D.H. 1967. A Method for Using Computer Assistance in Mapping
Geographical Synoptic Data. Die Erde 98:292-297.
McGlashan, N.D. 1972. European Male Stomach cancer in South Africa: A Cartographic
Appraisal. In Medical Geography: Techniques and Field Studies, ed. N.D.
McGiashan:187-195. London: Methuen and Co Ltd.
Meade, M. 1979. Cardiovascular mortality in the Southeastern United States. Social Science
and Medicine 13D: 257-265.
Meade, S.M., Florin, W.J., Gesler, M., Wilbert W. 1988. Medical Geography. Chapter 1:3.
New York: The Guilford Press,
Meyer, M.B. 1977. Effects of Maternal Smoking and Altitude on Birth Weight. The Epidemiology
of Prematurity, Baltimore and Munich: Urban and Schwarzenberg.
Moore, T.J. 1991. Application of GIS Technology to Air Toxics Risk Assessment: Meeting the
Demands of the California Air Toxics ‘Hot Spots’ Act of 1987. GIS/USV1 Proceedings
2:69-714.
Moran. PAP. 1950. Notes on Continuos Stochastic Phenomena. Biometrika 37:17-23.

249

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Morrison, A., Getis, A., Santiago, M.. Perez, J., and Reiter, P. 1998. Exploratory space-time
analysis of reported dengue cases druing an outbreak in Florida, Puerto Rico, 19911992. American Journal of Tropical Medicine and Hygiene. 58(3):287-298.
Muir, C., Waterhouse, J., Mack, T„ Powell, J., and Whelan, S. eds. 1987. Cancer Incidence in
Five Continents :5. IARC Scientific Publication No. 88. Lyon: International Agency for
Research on Cancer.
Mulvey, J. and Rothchild, H. 1983. Sugarcane fanming-ls there a link with cancer? In Ecology o f
Disease, ed. A. Bourne: 267-269. New YoricPergamon.
Najem, G.R., Thind, I.S., Lavenhar, MTV., and Louria, D.B.. 1983. Gastrointestinal cancer
mortality in New Jersey counties, and the relationship with environmental variables.
International Journal of Epidemiology. 12:276-289.
Najem, G.R., Louria, D.B., Lavenhar, MTV., and Feuerman, M.. 1985. Clusters of cancer
mortality in New Jersey municipalities: With special reference to chemical toxic waste
disposal sites and per capita income. International Journal o f Epidemiology. 14: 528537.
Najem, G.R., and Greer, T.W. 1985. Female reproductive organs and breast cancer mortality in
New Jersey counties and the relationship with certain environmental variables.
Preventive Medicine. 14:620-635.
National Center for Health Statistics. 1997. Health, United States 1996-1997 and Injury
Chartbook. Hyattsville. Maryland.
National Center for Geographic Information and Analysis. 1989. The research plan of the
National Center for Geographic Information and Analysis. International Journal of
Geographic Information Systems. 3:117-36.
National Research Council (NRC). 1991. Environmental Epidemiology. Vol 1. Public Health and
Hazardous Wastes. Washington, DC: National Academy Press: 282
National Research Council (NRC). 1997. Environmental Epidemiology. Vo! 2. Use of the Gray
literature and Other data in Environmental Epidemiology. Washington, DC: National
Academy Press: 14
Neutra, R.R. 1990. Counterpoint from a cluster buster. American Journal o f Epidemiology
132:1-8.
New Orleans Public Health Department. 1994. Ascension parish pilot project report..
New Jersey Department of Health. 1992. Executive summary report: Population-based
surveillance and etiological research of adverse reproductive outcomes and toxic
wastes. Division of birth defects and developmental disabilities. National center for
environmental health and injury control.
National Cancer Institute (NCI). 1996. Cancer Rates and Risks. Fourth edition, U.S. Public
Health Service.
Norusis, Marija J. and SPSS Inc. 1992. SPSS/PC* Base System User's Guide Version
5.Q/SPSS/PC+ Advanced Statistics. Chicago: SPSS Inc.
Office of the Planning Commission. 1999. Facts about Baton Rouge. httpT/www.ci.batonrouge.la.us/dept/planning (12 January, 2000).
250

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Office of Technology Assessment. 1983. United States Congress. Technologies and
Management Strategies for Hazardous Waste Control: Summary. Washington D.C.
Ohno, Y. and Aoki, K. 1981. Cancer Deaths by City and County in Japan (1969-1971): A test of
Significance for Geographic Cluster of Disease. Social Science and Medicine
15D:251-258.
O’Kelly, M.E. 1994. Spatial analysis and GIS. Spatial analysis and GIS Ed Fotheringham and
Rogerson LondonrTaylor and Francis: 66-79..
Oliver, M., Webster, R. and Gerrard, J. 1989. Geostatistics in physical geography. P arti:
theory. Transactions. Institute of British Geographers. 14:259-269.
Openshaw, S., and Taylor, P. 1979. A million or so correlation coefficients: three experiments
on the modifiable areal unit problem. Statistical Applications in the Spatial Sciences Ed
N. Wrigley Pion, London: 127-144.
Openshaw. S., Charlton, M., Wymer, C. and Craft, A.W. 1987. A mark I geographic analysis
machine for the automated analysis of point data sets. International Journal o f Geographic
Information Systems, 1:335-358.
Openshaw, S., Craft, A.W., Charlton, M.G., and Birch, J.M. 1988. Investigation of leukemia
dusters by use of a geographical analysis machine. Lancet Feb. 6:272-273.
Openshaw, S., Charlton, M., Craft, A. 1988. Searching for Leukemia Clusters using a
Geographical Analysis Machine. Regional Science Association. 64:95-106.
Openshaw, S. 1989. Automating the search for cancer dusters. Professional Statistician 8:7-8.
Openshaw, S., Cross, A., and Charlton, M. 1990. Building a prototype geographical correlates
exploration machine. International Journal of GIS 3:297-312.
Openshaw, S. 1990. A spatial analysis research strategy for the regional research laboratory
initiative. Regional Research Laboratory Initiative Discussion Paper 3, Department of
Town and Regional Planning, University of Sheffield.
Osborne, J.S., Shy, C.M., and Kaplan B.H. 1990. Epidemiologic analysis of a reported cancer
duster in a small rural population. American Journal o f Epidemiology. 132:S87-S95.
Outerbridge, E.W., Nogrady, M.B., Beaudry, P.H. and Stem, L. 1972. Idiopathic respiratory
Distress Syndrome. American Journal o f Diseases in Childhood. 123:99-104.
Paigen, B., and Goldman L.R.. 1987. Lessons from Love Canal, New York, U.SA: The role of
the public and the use of birthweights, growth, and indigenous wildlife to evaluate health
risk:177-192 in Health effects from Hazardous waste sites, J. B. Andelman and D. W.
Underhill, eds. Chelsea, Mich.: Lewis.
Page, H. S. and Asire, A. J. 1985. Cancer rates and Risks. 3d edition. National Institute of
Health. NIH Publication No. 85-691.
Page T., Hams R.H., Epstein S. 1976. Drinking water and cancer in Louisiana. Stience
193: 55-57.
Paneth N.S. 1995. The Problem of Low Birth Weight In the future of children. Low Birthweight:
19-34.

251

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Petrone M.E., Harlan D.M., Lewis H.C. 1991. Childhood Cancers_New jersey, 1979-1985.
40: 572-573, 579.
Pickle L.W. and Gottlieb M.S. 1980. Pancreatic Cancer Mortality in Louisiana. American
Journal of Public Health 70:256-259.
Pregibon, D. 1980. Goodness of link tests for generalized linear models. Applied Stah'stics.
29: 15-24.
Pregibon, D. 1981. Logistic Regression Diagnostics. Annals of Statistics. 9:705-724.
Pregibon, D. 1984. Data analytic methods for matched case-contml studies. Biometrics.
40: 639-651.
Public Data Access, Inc. 1988. Mortality and Toxic Wastes along the Mississipi, a Greenpeace
report. Washington, D.C.: Greenpeace.
Pyle, G. F. 1968. Some Aspects of Urban Medical Geography. Unpublished Master’s thesis.
University of Chicago, Department of Geography.
Pyle, G. F. 1971. Heart Disease, Cancer, and Stroke in Chicago: A Geographical Analysis with
Facilities Plans for 1980. Research paper 134. University of Chicago, Department of
Geography.
Pyle, G.F. and Lauer, B.M. 1975. Comparing Spatial Configurations: Hospital Service Areas
and Disease rates. Economic Geography 51:50-68.
Pyle, G.F. 1979. Applied Medical Geography. Washington DC: Winston.
Quattrochi, D.A., Lam, N.S.-N., Qiu, H.L., and Zhao, W. 1997. Image characterization and
modeling system (ICAMS): a geographic information system for the characterizarion
and modeling of multiscale remote sensing data. In Scaling in Remote Sensing and
GIS, Quattrochi, D. and Goodchild, M.F., eds. Boca Raton, Florida: CRC/Lewis
Publishers.
Quigley, J.O. and Pessione, F. 1989. Score tests for homogeneity of regression effect in the
proportional hazards model. Biometrics, 45:135-144.
Quinn, M.J. 1992. Confidentiality in Geographical and Environmental Epidemiology: Methods for
Small-Area Studies. Eds. English, D.:132-140. Oxford University Press.
Ramey, C.T., Stedman, D.J., Borders-Patterson, A., and Mengel, W. 1978. Predicting
school-failure from information available at birth. American Journal on Mental
deficiency, 82: 525-534.
Rigau-Perez, J.G., Ayuso-Lamadrid, A., Wolff, D.R., Reiter, P., Kuno, G. 1994. Dengue severity
throughout seasonal changes in incidence in Puerto Rico, 1989-1992. Puerto Rico
Association of Epidemiologists, American Journal of Tropical Medicine and Hygene
51:408-415.
Robson, E.B. 1978. The Genetics of Birthweight New York and London; Plenum Press.
Rodenwaft, E. and Jusatz, H. J. Eds. 1952-1961. Weft Seuchen Atlas:1-3. Hamburg: Falk.
Rothman, K. Modem Epidemiology. 1986. U.S.A. Little, Brown, and Company.

252

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

Rothschild, H. and Mulvey J..J. 1982. An increased risk for lung cancer mortality associated
with sugarcane fanning. Journal of National Cancer Institute. 68:755-760.
Rowiingson, B.S., Flowerdew, R. and Gatrell, A. 1991. Statistical spatial analysis in a
geographical information systems framework. Research report 23, North West Regional
Laboratory, Lancaster University.
Rushton, G., and Lolonis, P. 1996. Exploratory spatial analysis of birth defect rates in an urban
population. Statistics in medicine. 15:717-726.
Rushton, G., Krishnamurti D., Krishnamurthy R., Song H. 1995 Spatial Analysis of Infant
Mortality Rates in Des Moines, Iowa, 1989-1992. Presented at the 1995 Public Health
Conference on records and statistics and the National committee on Vital and Health
Statistics 45mAnniversary Symposium, July 17-20,1995, Washington D.C.
Rushton, G., Krishnamurti, D., Krishnamurthy, R., Song, H. 1996a. The Spatial relationship
between infant mortality and Birth defect rates in a U.S. City. Statistics in Medicine.
15: 1907-1919.
Rushton G., Krishnamurti D., Krishnamurthy R., Song H. 1996b. A Geographic Information
Analysis of Urban Infant Mortality Rates. Department of Geography. Iowa State
University. Iowa Department of Public Health. Iowa Birth Defects Registry.
Unpublished.
SatScan.1998.http://dcp.nci.nih.gOv//BB/SatScan.html
Schlesselman, J.J. 1982. Case-Control Studies: Design, Conduct, Analysis. New York: Oxford
University Press. 354 pp.
Schneider, D., Greenberg M. R. and Stach B. 1990. Pediatric cancer mortality rates in New
Jersey and the United States 1950-1985. New Jersey Medicine. 87:703-711.
Schneider, D., Greenberg, M.R., Donaldson, M.H., Choi, D. 1993. Cancer Clusters: The
Importance of Monitoring Multiple Geographic Scales. Social Science Medicine.
37(6):753-759. Pergamon Press. Great Britain.
Schneider, E.. Hajjeh, R., Spiegel, R., Gunn, R., McNeil, M., Pinner, R.W., Baron, R., Burger,
R., Reef, S., Hutwagner, L.. Barker, N. Feldman, G., Pappagianis, D. and Werener, S.
B. 1995. A coccodiodomycosis outbreak following the Northridge earthquake, venture
County, CA. January-March 1994, CDC Grand Rounds, Atlanta, GA.
Schoiten H. 1991. The Benefits of the Application o f geographical Information Systems in
Public and Environmental Health. Rapp. Trinest. Statist. Sanit. Mond., (Wld. Health
statistics quart.) 44:160-170.
Scott, D.W. 1992. Multivariate Density Estimation: Theory, Practice, and Visualization. New
York. J. Wiley.
Scott, M., Menzel, S.L., Ji, C., and Wagner, D. 1997. Spatial Accuracy of the EPA’s
environmnetal hazards databases and their use in environmental equity analyses.
Applied Geographic Studies 1:45-61.
Segi, M. and Kurihara, M. 1972. Cancer Mortality for Selected Sites in 24 Countries, No.
6(1966-1967). Japan Cancer Society, Tokyo.

253

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Shapiro, S., McCormick, M.C., Starfield, B.H., Krischer, J.P., and Bross, 0 .1 9 8 0. Relevance of
correlates of infant deaths for significant morbidity at 1 year of age. American Journal
of Obstetrics and Gynecology, 136 (3):353-371.
Simons, V. and VanDerslice, J. 1995 The use of GIS for incorporating environmental equity
concerns into the risk assessment process. Abstracts of the International Symposium
on Computer Mapping in Epidemiology and Environmental Health :60. Tampa, Florida.
Snow, J. 1855. On the mode of communication of cholera. 2ndedition. Churchill,London.
Reproduced in Snow on Cholera, Commonwealth Fund, New York, 1936. Reprinted by
Hafner, New York, 1965.
Solecki, W.D. and Cutter, S .L 1995. Assessing vulnerability to catastrophic versus chronic
risks: A study of the southern USA. Abstracts of the International Symposium on
Computer Mapping in Epidemiology and Environmental Health :60 Tampa, Florida.
Spengler J.D., Sexton K. 1983. Indoor air pollution: A public health perspective. Science
221 (4605):9-116.
Stebbings, J.H.; Voelz, G.L. 1981. Morbidity and mortality in Los Alamos County, New Mexico.
Methodological issues and preliminary results. Environmental Research. 25:86-105.
Steelman V.P. 1974. The Cultural Context of Food. A study of food habits and their social
significance in selected areas of Louisiana. Bulletin:681: Louisiana State University,
Center for Agricultural Sciences and Rural Development.
Stell, D.G., Holt, D. 1995. Rules for random aggregation. Environment and Planning A
forthcoming.
Szasz, A. 1994. Ecopopulism: Toxic Waste and the Movement for Environmental Justice.
Minneapolis: University of Minnesota Press.
The Advocate. April 23,1998. Louisiana Male Lung Cancer Tops North America.
The Advocate. April 21,1998. Agencies failed at Grand Bois.
The Alan Guttmacher Institute. 1994. Sex and America’s Teenagers.
The Alan Guttmacher Institute. 1995. Issues in Brief. February
Tiefenbacher, J.P., Konopka, D.C., and Shelley, F.M. 1997. Airborne toxic emission hazards in
Texas: Measuring the vulnerability of place. Applied Geographic Studies 1(4): 271-286.
TIGER/Line Files[machine-readable data files]/prepared by the Bureau of the Census.
1997.Washington, DC.
Tobler, W. 1991. Frame independent spatial analysis. Accuracy of Spatial Data Bases Eds
Goodchild, M., Gopal, S. Taylor and Francis, New Yoricl 15-122.
Tomatis, L., Breslow, N.E., Bartsch, H: 1982. Experimental studies in the assessment of
human risk. In: Schottenfeld, D., Farumeni, J., (Eds). Cancer Epidemiology and
Prevention. Philadelphia, PA: Saunders: 44-73.
Tsiatis, A .A. 1980. A note on a goodness-of-fit test for the logistic regression model.
Biometrika. 67:250-251.

254

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Tukey, J. W. 1977. Exploratory Data Analysis. Reading, MA. Addison-Wesley.
Turnbull, B.W., Iwano, E.J., Burnett, W.S., Howe, H.L. and Clark, L.C. 1990. Monitoring for
clusters of disease: application to leukemia incidence in upstate New York. American
Journal o f Epidemiology, 132:S136-S143.
Twigg, L. 1990. Health based geographical information systems: Their potential examined in the
light of existing data sources. Social Science and Medicine 30(1):143-155.
Tyler, C.W., and Last, J.M. 1991. Epidemiology.A 1-39 in J. M. Last and R. B. Wallace, eds.
Maxcy-Rosenau- Last Public Health and Preventive Medicine. 13med. Norwalk, CT:
Appleton and Lange.
U.S. Geological Survey. 1986. Digital Line Graphs from 1:24,000-Scale Maps. National
Mapping Program, Technical Instructions, Data Users Guide 1. Reston, VA:
Department of Interior, U.S. Geological Survey.
Upton A.C., Kneip, T., and Toniolo, P. 1989. Public health aspects of toxic chemical disposal
sites. Annual Review Public Health. 10:1-25.
Ventura S.J., Martin J.A., Mathews T.J., Clarke S.C. 1996. Advance report of final natality
statistics, 1994. Monthly via l statistics report 44:11.Hyattsville, Maryland: National
Center for Health Statistics.
Verhasselt, Y. 1993. Geography of Health: Some Trends and Perspectives. Social Science and
Medicine 30(1): 143-155.
Vianna, N.J., Greenwald, P., Brady J. 1972. Hodgkin’s disease: Cases with features of a
community outbreak. Annals of International Medicine. 77:16 9-180.
Vianna, N.J., and Polan A.K.. 1984. Incidence of low birth weight among Love Canal
Residents. Science 226:1217-1219.
Viel, J.F.; Richardson, S.T. 1990. Childhood leukemia around the La hague nuclear waste
reprocessing plant British Medical Journal. 300:580.
Voors, A. 1978. Relationship between respiratory cancer and wetlands residency in Louisiana.
Archives o f Environmental Health 33:124-129.
Wallenstein, A. 1980. A test for detection of clustering over time. American Journal of
Epidemiology 111:367-372.
Waterhouse, J., Muir, C., Shanmugaratnam, K., and Powell, J. (eds). 1982. Cancer Incidence
in Five Continents. Vol. 4 IARC Scientific Publiction No.42 (1-182) Lyon: International
Agency for Research on Cancer.
Webster, R„ Oliver, M.A., Muir, K.R. and Mann, J. R. 1994. Kriging the local risk of a rare
disease from a register of diagnoses. Geographic analysis, 26:168-185.
Weill, H., Hughes, J., and Waggenspack, C. 1979. Influence of Dose and Fiber Type on
respiratory malignancy risk in asbestos cement manufacturing. The American Review of
Respiratory Disease 120:345-354.
Weinstock, M. A. 1981. A generalized scan statistic test for the detection of clusters.
International Journal o f Epidemiology 10:289-293.

255

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Westwood, M„ Kramer, M.S., Munz, D., Lovett, J.M. and Watters, G. V. 1983. Growth and
Development of Full term Nonasphyxiated Small-for-gestational Age Newborns: Followup through Adoiescencee. Pediatrics, 71, 376-382.
Wickramaratne, P.J., Prusoff, BA., Merikangas, K.R. and Weissman, M.M. 1986. The use of
survival time models with non-proportional hazard functions to investigate the age of
onset in family studies. Journal of Chrome Diseases, 39:389-397.
World Health Organization. 1977. Manual of the International Statistical Classification of
Disease, Injuries and Causes of Death. Ninth revision^. Geneva.
World Health Organization. 1983. Guidelines on Studies in Environmental Epidemiology.
Environmental Health Criteria 27. Geneva: Wodd Health Organization.
World Health Organization. 1994. Human health proceedings. Geneva: World Health
Organization.
Zeigler, R.G., Mayne, S.T., and Swanson, CA. 1996. Nutrition and Lung Cancer. Cancer
Causes Corrfro/7:157-177.

256

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

APPENDIX A : THE PUBLIC DRINKING WATER DATABASES (SECTION 4.2.3)

PWSJO
1033003
1033003
1033003
1033003
1033003
1033003
1033003
1033003
1033003
1033003
1033003
1033003
1033003
1033003
1033003
1033003
1033003
1033003
1033003
1033003
1033003
1033003

CODE
DATE
POC
DEBRA ST WELL
4/8/97 SMET
4/8/97 SMET
GROOM RD WELL
4/8/97 $MET
GROOM ROWELL
4/8/97 $MET
LAVEY LANE WELL
LAVEY LANE WELL
4/8/97 $MET
4/8/97 SMET
MISSISSIPPI ST WELL
MISSISSIPPI ST WELL
4/8/97 $MET
DEBRA ST WELL
6/8/93 $MET
6/8/93 SMET
GROOM RDWELL
6/8/93 SMET
LAVEY LANE WELL
6/8/93 SMET
LAVEY LANE WELL
MISSISSIPPI ST WELL
6/8/93 SMET
MISSISSIPPI ST WELL
6/8/93 SMET
DEBRA ST WELL
4/8/97 NITRATE
4/8/97 NITRATE
GROOM RDWELL
4/8/97 NITRATE
LAVEY LANE WELL
MISSISSIPPI ST WELL
4/8/97 NITRATE
DEBRA ST WELL
6/8/93 NITRATE
6/8/93 NITRATE
GROOM RDWELL
8/8/93 NITRATE
LAVEY LANE WELL
6/8/93 NITRATE
MISSISSIPPI ST WELL
4/8/97 s o c c
DEBRA ST WELL

COMPOUND
METALS - NON DETECTS
METALS - NON DETECTS
Aluminum
METALS - NON DETECTS
Aluminum
METALS - NON DETECTS
Aluminum
METALS - NON DETECTS
METALS - NON DETECTS
METALS - NON DETECTS
Beryllium
METALS - NON DETECTS
Chromium
Nitrate-N
Nitrate-N
Nitrate-N
Nitrate-N
Nitrate-N
Nitrate-N
Nltrate-N
Nitrate-N
OCC-NON DETECTS

CONCENTRATION COUNT
0.00000 013
0.00000 012
0.02000 001
0.00000 012
0.06000 001
0.00000 012
0.04000 001
0.00000 011
0.00000 011
0.00000 010
0.00100 001
0.00000 010
0.01000 001
0.00000 001
0.00000 001
0.00000 001
0.00000 001
0.00000 001
0.00000 001
0.00000 001
0.00000 001
0.00000 003

CYCLE
97D
97D
97D
97D
97D
97D
97D
93F
93F
93F
93F
93F
93F
97D
97D
97D
97D
93F
93F
93F
93F
97D

TYPE
MET
MET
MET
MET
MET
MET
MET
MET
MET
MET
MET
MET
MET
NIT
NIT
NIT
NIT
NIT
NIT
NIT
NIT
ORG

POCID
2CAQ
2CAU
2CAU
2CAX
2CAX
2CAZ
2CAZ
2CAQ
2CAU
2CAX
2CAX
2CAZ
2CAZ
2CAQ
2CAU
2CAX
2CAZ
2CAQ
2CAU
2CAX
2CAZ
2CAQ
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APPENDIX A continued:
PW SJD
1033003
1033003
1033003
1033003
1033005
1033005
1033005
1033005
1033005
1033005
1033005
1033005
1033005
1033005
1033005
1033005
1033005
1033005
1033005
1033005

ID
001
002
003
004
001
002
003
004
005
006
007
006
009
010
011
012
013

POCJD
2CAUDBR4
2CAZDBR4
2CAQDBR4
2CAXDBR4
2CEVDBR4
2CEWDBR4
2CEXDBR4
2CEYDBR4
2CEZDBR4
2CFADBR4
2CFBDBR4
2CFCDBR4
2CFDDBR4
2CFEDBR4
2CFFDBR4
2CFGDBR4
2CFHDBR4

014
015
016

2CFIDBR4
2CFJDBR4
2MKGDBR4

NAME
GROOM RD.(USGS 551 )BAKER WATER
MISS.ST.(USGS 698)BAKER WATER
DEBRA ST.(USGS 754)BAKER WATER
LAVY LANE(USGS 892A)BAKER WAT.
BANKSTON 001
BANKSTON 002
BANKSTON 003
BANKSTON 005
BANKSTON 006
BANKSTON 007
CONVENTION 001
CONVENTION 002
CORTANA 001
CORTANA 002
CORTANA 003
CORTANA 004
CORTANA 005
GOVERNMENT 002
GOVERNMENT 003
GOVERNMENT 005

TYPE
SG
SG
SG
SG
SG
SG
SG
SG
SG
SG
SG
SG
SG
SG
SG
SG
SG
SG
SG
SG

USAGE
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

LATITUDE
303514
303533
303558
303432
303021
303021
303021
303019
303019
303018
302653
302653
302717
302721
302721
302721
302717
302641
302642
302647

LONGITUDE
910854
910958
910916
910808
910800
910749
910748
910749
910752
910756
911037
911037
910513
910549
910548
910547
910514
910858
910832
910833
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APPENDIX A continued:

PWS ID: 1033003 - BAKERWATER SUPPLY
Mailing: PO BOX 707 BAKER LA 70714
Shipping: 1507 MISSISSIPPI ST BAKER LA 70714
Activity Status: A Type: System - C Supply - G Owner - M
Served: Pop -15000 Connections - 4942 Owner. CITY OF BAKER
Near City: BAKER
Parish: E BATON ROUGE Region: 2 District: 2
Fadltly Location: 1507 MISSISSIPPI ST., BAKER
Operator ROBERT LAWSON (775-9952)AFTER Phone:(504)775-1272
Disinfects: Y Metered: N Interstate Carrier N Certified Operator Y
Bacti Compliance Cycle: C
Area Type: 1st - R1 RESIDENTIAL
2nd Surv Last - 02/21/96 Next - 02/20/99 Insp: Last • 09/28/91 Next - 09/25/92
Manager LEE ROY WHITE
Phone: (504)775-5564
Production(gal): DesignAverage-1900000 Maximum - 2600000
Storage
No. CapecKy(gal)
Storage
No. Capactty(gal)
Elevated 3 850000
Ground
0
Pneumatic 0
RavAOpen 0
Reservoirs 0
Finished 3 850000
Date of Start-up:
Note: METERED OUTSIDE CITY LIMITS.NOT METERED INSIDE CITY LIMITS
PWS ID: 1033006 • BATON ROUGE WATER CO. INC
Mailing: PO BOX 96016 BATON ROUGE LA 70896-9016
Shipping: 8755 GOODWOOD BLVD BATON ROUGE LA 70806
Activity Status: A Type: System-C Supply -G Owner-U
Served: Pop - 350000 Connections - 97581 Owner. BATON ROUGE WATER CO.
Near CHy: BATON ROUGE Parish: E BATON ROUGE Region: 2 District 2
Fadltly Location: 8755 GOODWOOD BLVD, JUST WEST OF AIRLINE HWY
Operator KENT NAQUIN, ASST. SUPT.
Phone: (225)928-1000
Disinfects: Y Metered: Y Interstate Center. N Certified Operator. Y
Bactl Compliance Cyde: S
Area Type: 1st - R1 RESIDENTIAL
2nd Surv. Last - 06/12/98 Next - 06/11/01 Insp: Last - 06/09/93 Next - 06/09/94
Manager DENNIS MAGEE
FAX NUMBER Phone:(225)928-1925
Productlon(gal): Design - 80353440 Average - 43000000 Maximum - 58775000
Storage
No. Capadty(gal)
Storage
No. Capadly(gal)
Elevated 7 5250000
Ground
3 6250000
Pneumatic 0 RavAOpen 0 Reservoirs 0 Finished 0

APPENDIX B: THE ADDRESS-MATCHED BIRTH RECORDS
Year

Total Birth Records

Matched Total Births

Matched Low Birthweight Cases

1993

6392

5927

591

1994

6162

5336

572

1995

6064

5158

560

1996

6037

5111

520
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APPENDIX C: POINT IN POLYGON AVENUE SCRIPT (SECTION 4.3.2)

TheView = av.GetActiveDoc
TheThemes = TheView.GetThemes
If (TheThemes.Count < 1) Then
Return MsgBox.Info
End
SourceTheme = nil
DestTheme = nil
SourceTheme = MsgBox.ChoiceAsString
(TheThemes,"Choose theme to select by (usually polygon)",
"Source Theme").AsString
If (SourceTheme = "nil") Then
Return Nil
End
DestTheme = MsgBox.ChoiceAsString
(TheThemes,"Choose theme to code up (usually point)",
"Destination Theme").AsString
If (DestTheme = "nil") Then
Return Nil
End
If ((SourceTheme = "nil") Or (DestTheme = "nil")) Then
Return MsgBoxJnfo
End
If (SourceTheme = nil) Then
MsgBox.lnfo("Source was empty","")
End
If (DestTheme = nil) Then
MsgBox.lnfo("Dest was empty","")
End
If (SourceTheme = DestTheme) Then
Return MsgBox.Info
End
If (MsgBox.YesNo(”So, what we are going to do is select each object in"++
SourceTheme++"and mark up the attributes in"++DestTheme++
"according to which object in"++SourceTheme++"they fall in?",
"Just to recap..",TRUE).Not) Then
Return MsgBoxJnfo
End
' Ready to go. Find out the Theme, the FTab
thmSource = TheView.FindTheme(SourceTheme)
thmDest = TheView.FindTheme(DestTheme)
fSource = thmSource.GetFTab
fDest = thmDest.GetFTab
If (fSource.GetNumSelRecords = 0) Then
If (MsgBox.YesNo("No features selected in"++SourceTheme++". Take AII?","Doh?",TRUE).Not)
Then
Return Nil
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APPENDIX C continued.

End
fSource.GetSelection.SetAll
End
TheFields = fSource.GetFields
TheField = MsgBox.ChoiceAsString(TheRelds,"Choose a field to code by (NOT
Shape^.Today, man").AsString
If (TheField = "nil") Then
Return MsgBox.Info
End
If (fSource.FindField(TheField).lsTypeShape) Then
MsgBoxJnfo
Return Nil
End
Flash = MsgBox.YesNo
If (fSource.FindField(TheField).lsTypeString) Then
FieldlsString = True
Else
FieldlsString = False
End
'Now, check to see if the field we want is in Dest
DestField = fDest.FindField(TheField)
SourceField = fSource.FindField(TheField)
If (DestReld = nil) Then
If (fDest.CanEdit) Then
fDest.StartEditingWithRecovery
ClonedReld = SourceField.Clone
'Make a small list
ListOfFields = List. Make
ListOfFields.Add(ClonedField)
fDest.AddRelds(ListOfRelds)
End
End
ControlBitMap = fSource.GetSelection. Clone
If (fDest.CanEdit) Then
If (fDest.IsBeingEditedWithRecovery.Not) Then
fDest.StartEditingWithRecovery
End
For Each Source in ControlBitMap
fSource.GetSelection.ClearAII
fSource.GetSelection.Set(Source)
fSource.UpdateSelection
CurrentSource = fSource.RetumValue(fSource.FindReld(TheField)ISource)
fDest.SelectByFTab(fSource, #ftab_reltype_is completely within , 0, #vtab_seltype_new)
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APPENDIX C continued.

fDest.UpdateSelection
If (Flash) Then
thmSource.BlinkRecord(Source)
End
If (fDest.GetSelection.Count > 0) Then ' for if it’s zero, then it affects the lot!
If (FieldlsString) Then
Result = fDest.Calculate(currentSource.Quote,fDest.FindField(TheField))
Else
Result = fDest.Calculate(currentSource.AsString,fDest.FindField(TheField))
End' If
End
End
fDest.StopEditingWithRecovery(True)
End
fSource.SetSelection(ControlBitMap)
fSource.UpdateSelection
theView. Invalidate
MsgBox.Info
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APPENDIX D: PROGRAMS FOR COMPUTING SPATIAL CORRELOGRAM (SECTION 4.4.2)

r This program calculates Moran's I and Geary's C for spatial
r autocorrelation. Two files, conn matrix and data matrix, need 7
r to be defined first. 7
#include <stdio.h>
#include <math.h>
#define n 65
/* define number of poligons 7
#define t 4
/* define number of time periods 7
main 0
{
int i, j, k;
char input1[10], input2[10];
FILE *sf1, *sf2;
float x [n+1] [t+1], mean [t+1], var [t+1], m4 [t+1];
float b2 [t+1], sum1 [t+1], sum2 [t+1], m [t+1];
float c [t+1], varmr [t+1], vargr [t+1], stmn [t+1], stmr [t+1];
float stgn [t+1], stgr [t+1], b [n+1] [n+1], sx[n+1],sy[n+1];
float sO, s1, s2, meanm, varmn, meang, vargn;
float xvalue;
int yvalue;
printf ("Enter input county conn matrix file name:\n");
scanf ("%s", inputl);
printf fEnter input data -x file name:\n");
scanf f%s", input2);
r READ IN AND PRINT OUT THE CONN MATRIX Bij. CALCULATE SO, S1, S2 7
sf1 = fopen Onputl, "r");
for 0=1; i<=n; i++)
for (j=1; j<=n; j++) {
fscanf (sf1, "%1d", &yvalue);
b [i] D] = 1 0*yvalue;
}

for 0=1; i<=n; i++) {
sx[i] = 0.0;
sy[i] = 0.0;}
sO = 0.0;
s1 = 0.0;
s2 = 0.0;
for 0=1; i<=n; i++)
for (j=1; j<=n; j++) {
so += b[i][fl;
s1 += pow ((b[i]p] + bp][i]).2.0);
sx[i] += b[i][j];
I* sx[i] is row totals 7
syfi] += b[ij[fl;}
/* syfj] is column totals 7
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APPENDIX D continued.

s1 = s1 / 2.0;
for (i=1; i<=n; i++)
s2 += pow ((sx[i] + sypD. 2-0);
printf On");
printf On");
printf (" s0=%f\n s1=%f\n s2=%f\n", sO, s1, s2);
printf On");
/* READ IN THE DATA -X MATRIX 7
sf2 = fopen (input2, "O:
for 0=1; i<=n; i++) {
for 0=1; j<=t; j++) {
fscanf (sf2, "%F, ixvalue);
x|i]D] = xvalue;
}
}
fclose (sf1);
fclose (sf2);
r CALCULATE THE MEAN. VARIANCE. M4, B2 OF X VALUE 7
for 0=1; j<=t; j++) {
mean [j] = 0;
for 0=1; i<=n; i++)
mean [j] += x[i][j]/n;
>

for Q=1; j<=t; j + + ) {
var 0] = 0;
m4 [J] = 0;
for 0=1; i<=n; i++) {
varfl] += pow ((x[i][j] - mean Q
D,2.0)/n;
m4[j] += pow ((xOiffl - mean DD. 4.0)/n;
>
b2 Dl = m4 D] / (varD]*var01);
printfCT=%d: mean=%7.2f, var=%8.3f, m4=%12.2f, b2=%7.3f\n",
j, meanQ], vartjl, m40l. b2BD;
}
r CALCULATE MORAN’S I 7
for 0=1; j<=t; j++) {
sum 101 = 0 ;
for 0=1; i<=n; i++)
for (k=1; k<=n; k++)
sum 101 += bP][k]*(xp]0]-mean0D*
(x[k]D]-mean01);
}
printff\n");
printff Moran's l\n");
printffTime I value\n");
for 0=1 ;j<=t; i++)
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APPENDIX D continued.
{

m[j] = sum1QJ/(sO*var{jD;
printf ("%d %f\n", j, m[fl);

}

r CALCULATE GEARY’S C */
for Q=1; j<=t; j++) {
sum2 [j] = 0;
for (i=1; i<=n; i++)
for (k=1; k<=n; k++)
sum2[j] +=bfi][k]*pow((x01ti]-x(k]0])12.0);
}

printfOn");
printff Geary's C\n");
printffTime C value\n");
for 0=1; j<=t; j++) {
cQ]= (n-1)*sum2D]/(2*sO*n*vartfl);
printf ("%d %f\n", j, c(j]);
}

/* CALCULATE STANDARDIZED MORAN’S I */
meanm = (-1.0)/(n-1);
varmn = (n*n*s1-n*s2+3*s0*s0)/(s0*s0*(n*n-1))-pow(meanm,2.0);
F normality assumption V
printf On");
printf CMeanm=%f, Varmn=%f\n\n", meanm, varmn);
for 0=1; j<=t; j++) {
varmrtj] = ( n*((n*n-3*n+3)*s1 -n*s2+3*s0*s0) b20T((n*n-n)*s1-2*n*s2 + 6*s0‘ s 0 )) /
( (n-1 )*(n-2)*(n-3)*s0*s0 )-pow(meanm, 2.0);
I* random assumption */
stmn 0] = (m[fl-meanm)/sqrt(vamin);
stmr 0] = (mO]-meanm)/sqrt(varmrtj]);
}

r CALCULATE STANDARDIZED GEARYS C */
meang=1.0;
vargn = ((2*s1+s2)*(n-1) -4*s0*s0) / (2*(n+1)*s0*s0); r normal */
printf On");
printf fMeang=%f, Vargn=%f\n\n", meang, vargn);
for Q=1; j<=t; j++) {
vargr p] = ( (n-1)*s1*(n*n - 3*n + 3 - (n-1)*b20l) (n-1)*s2*(n*n + 3*n - 6 - (n*n - n + 2 )•
b2Q])/4 +sO*sO*(n*n-3-(n-1 )*(n-1 )*b2QD ) /
( n*(n-2)*(n-3) *sO*sO);
/* random */
stgn fi] = ( ofi] - meang )/sqrt(vargn);
stgr Q] = ( cQ] - meang )/sqrt(vargrtj]);
}
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APPENDIX D continued.

r PRINT OUT THE RESULTS V
printf("\n\n");
printffTHE STANDARDIZED I AND C VALUESNn");
printf("Time l(normal) I(random) vanrnr C(normal) C(random) vargr\n");
for 0=1; j<=t; j++)
printf("%d %-10.4f%-10.4f%-10.4f%-10.4f%-10.4f%-9.4f\n",
j,stmn[j],stmrO]Tvarmrtj],stgnin,stgrtjl,vargrtjD;
return;
}
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APPENDIX E: CENTROID GENERATOR AVENUE SCRIPT (SECTION 4.4.3)

' Population Centroid Generate (PopCentrokJGen)
' Takes a population theme and creates a weighted-centroid-point population
” location theme based on an EPZ area criteria.
myView = av.GetActiveDoc
theView = av.GetActiveDoc
‘ Select the active theme and make its table editable
' TheChecked = msgbox.MultiListAsString(theTheme,"Enter the Theme.","Themes")
' theTheme = theView.FindTheme ("Population.shp")
theTheme = theView.GetActiveThemes.Get(0)
theVTab = theTheme.GetFTab
if (nil = theVTab) then
MsgBox.Error("Unable to open theme table","*0
exit
end
theVTab.SetEditable (true)
isOK = theVTab. IsEditable
if (isOK.Not) then
MsgBox.ErrorfCannot edit the table, may not have the permission","")
exit
end
' Check to see if the critical fields are present in the table
Zoneid = theVTab-FindField ("Zone")
CheckPop = theVTab.FindField ("Population")
LongField = theVTab.FindField (S'_coord")
LatField = theVTab.FindField ("X_coord")
If ((LongField = nil) or (LatField = nil)) Then
Return MsgBoxInfoCCould either not find a Y_coord' or a 'X_coord' field","")
End
If (CheckPop = nil) Then
Return MsgBox.lnfo("Could not a field named 'Population'","")
End
If (Zoneid = nil) Then
Return MsgBox.lnfo("Could not a field named 'Zone'","")
End
' Create two new empty fields
newXcoopop = Field.Make ("XCooPop", #FIELD_FLOAT, 14, 3)
newYcoopop = Field.Make fYCooPop", #FIELD_FLOAT, 14, 3)
theVTab.AddFields ({newXcoopop})
theVTab-AddRelds ({newYcoopop})
' Calculate new values according to UTM coordinates multiplied by Population
' Add the values to the new fields
IheVTab.Calculate f[Y_coord] - 3800735.5", theVTab.FindField CYCLA_coord"))
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APPENDIX E continued.

theVTab.Calculate ("[X_coord] - 581785.938", theVTab.FindField ("XCLA_coord"))
'theVTab.Calculate (”[X_coordj "[Population]", theVTab.FindField ("XCooPop"))
theVTab.Calculate C[Y_coord] * [Population]”, theVTab.RndReld fYCooPop"))
XCoordPop = theVTab.FindField ("XCooPop")
YCoordPop = theVTab.FindField ("YCooPop")
’ Table Summarize
TheZoneld = theVTab.FindReld ("Zone")
newFTab = theVTab.Summarize ("Centroid".AsRIeName, dBASE, TheZoneld,
(CheckPop, XCoordPop, YCoordPop},{#VTAB SUMMARY_SUM, #VTAB SUMMARY_SUM,
#VTAB_SUMMARY_SUM })
theVTab.RemoveRelds ({XCoordPop})
theVTab.RemoveRelds ({YCoordPop})
'CentrSrcName = SrcName.Make ("Centroid.shp")
'CentrTheme = Theme.Make (CentrSrcName)
'TheView.AddTheme (CentrTheme)
theVTab.SetEditable (false)
'no merge, so plain tabular summarization
newTable = Table.Make(newFTab)
newTable.SetName("centroid")
newTable.GetWin.Open

' Make, set parameters, and add new X,Y location fields to the centroid table
newFTab.SetEditable (true)
centroidX = Field.Make ("Centr_X", #FIELD_FLOAT, 14. 3)
centroidY = Field.Make ("Centr_Y", #FIELD_FLOAT, 14, 3)
newFTab.AddFields ({centroidX})
newFTab.AddFields ({centroidY})
' Create field values using centroid formula
newFTab.Calculate ("[Sum_XCooPop] / [Sum_Population]", newFTab.FindField ("Centr_X"))
newFTab.Calculate ("[Sum_YCooPopj / [Sum_Population]", newFTab.FindField ("Centr_Y"))
' Add centroid shapefile as a Theme to the View
anXField = newFTab.RndField ("Centr_X")
anYField = newFTab.FindReld ("Centr_Y")
anXYName = XYName.make (newFTab, anXField, anYField)
aTheme = Theme.Make (anXYName)
theView.AddTheme (aTheme)
newFTab.SetEditable (false)
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APPENDIX E continued.

'newTable.GetWin.Close
'theView2 = av.GetActiveDoc
theTheme2 = theView2.GetActiveThemes.Get(0)
'theVTab2 = theTheme2.GetFTab
'newTable2 = Table. Make(theVTab2)
'newTable2.GetWin.Open
'if (nil = theVTab2) then
' MsgBox.ErrorfUnable to open theme table","")
' exit
'end
isOK = theVTab2.lsEditable
'if (isOK.Not) then
' MsgBox.ErrorfCannot edit the table, may not have the permission","")
' exit
'end
'theVTab2.SetEditable (true)
' Delete .dbf
'oldDBF = theVTab.GetBaseTableFileName
'file.delete (newTable)
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APPENDIX F: THE CENSUS BLOCK GROUPS THAT INTERSECT WITH THE NPL SITES
THREE, FOUR AND FIVE MILES PROXIMITY ZONES (SECTION 4.4.7)
3 mile

4 mile

5 mile
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APPENDIX G: SPATIAL AUTOCORRELATION (THE STANDARDIZED I VALUES) FOR
INFANT LOW BIRTH WEIGHT FOR THE YEARLY DATA AND 1993-1996 AT CENSUS
TRACT AND BLOCK GROUP SCALES

Tract Scale
Year
1993
1994
1995
1996
1993-1996

1
0.4665
1.4835
1.6433
0.7218
1.497

2
2.2914
1.3418
1.7892
0.6676
3.285

3
-0.365
0.2803
1.8064
2.2579
2.6376

4
5
1.4596 -1.5324
0.4474 -3.3899
-1.2496 -0.5265
-1.0991 -1.4079
-0.8904 -1.3407

6
-3.2151
1.9846
0.1632
-1.0449
-3.1302

Block Group Scale
1
Year
1993
1.0642
1994
-0.786
-0.107
1995
1.0034
1996
1993-1996
0.5182

2
0.6748
-0.0347
0.7739
-0.0468
0.9675

3
0.9567
1.9692
-0.858
1.9324
1.8624

4
5
-0.1794 0.0788
0.1917 0.1586
1.4982 0.2818
-0.3306 0.6711
-0.2235 -0.9143

6
-0.9153
0.1773
1.1764
-0.9921
0.0036
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7
-0.2864
1.156
0.0258
-0.5755
-0.5893
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APPENDIX H: INFANT LOW BIRTHWEIGHT CLUSTERS OF YEARLY DATA AT CENSUS BLOCK, BLOCK GROUP AND TRACT
SCALES(SECTION 5.2.1, SECTION 5.2.2. AND SECTION 5.2.3.)

ro
■>j

W

Spatial Clustara of Infant Low BlrthwalghtJ993

B

I— 10.001

0.001 -0.913
Eaat Baton Roup# Pariah Canaua Blocka

Spatial Cluatafi of Infant Low BlrthwalflhtJOM
C D 0.001
0.001 -0.013
Eaat Baton Rouga Pariah Canaua Blocka

H

Figure H.1. Spatial Scan Statistic Clustar Analysis at the Canaua Block Seals:
Infant Low Blrthwelght Clusters In East Baton Rouga Parish, In tha years of 1993 and 1994
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Figure H.2. Spatial Scan Statistic Cluatar Analytic at the Canaua Block Scale:
Infant Low Blrthwalght Cluctera In Eaat Baton Rouge Pariah, In the yeara of 1995 and 1996

APPENDIX H continued.

Spatial Clutters of Infant Low Blrthwelght 1995

r n 0.001
I
| Eaat Baton Rouge Parish Cantus Block Groups

Spatial Clusters of Infant Low Blrthwelght 1994
r i 0.001
I
| East Baton Rouga Parish Census Block Groups

Figure H.3. Spatial Scan Statistic Clutter Analysis at tha Census Block Group Scale:
Infant Low Blrthwelght Clusters In East Baton Rouga Parish, In tha years of 1993 and 1994

APPENDIX H continued.

-

T ..

W ?&

Spatial Clutters of Infant Low Blrthwelght 1998
r ~ i 0.001
I
I East Baton Rouga Parish Census Block Groups

B

Spatial Clusters of Infant Low Blrthwelght 1995
0.001
East Baton Rouga Parish Census Block Groups

f'f
Figure H.4. Spatial Scan Statistic Cluster Analysis at the Census Block Group Scale:
Infant Low Blrthwelght Clusters In East Baton Rouge Parish, In tha years of 1995 and 1996

APPENDIX H continued.

Spatial Clusters of Intent Low Blrthwelght 1993

Spatial Clusters of Infant Low Blrthwelght 1994

r ~ | 0.001
I 1 East Baton Rouge Parish Census Tracts

I

10.001

I

I East Baton Rouge Parish Census Tracts

Figure H.5. Spatial Scan Statistic Cluster Analysis at the Census Tract Scale:
Infant Low Blrthwelght Clusters In East Baton Rouga Parish, in tha years of 1993 and 1994

APPENDIX H continued.

Spatial Clusters of Intent Low Blrthwelght 1995

Spatial Clusters of Infant Low Blrthwelght 1996

r n 0.001
I
| East Baton Rouge Parish Census Tracts

I

r n 0.001
I East Baton Rouge Parish Census Tracts

Figure H.6. Spatial Scan Statistic Cluster Anslysls at the Census Tract Scale:
Intent Low Blrthwelght Clusters In East Baton Rouge Parish In the years of 1995 and 1996
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APPENDIX I: MATERNAL CHARACTERISTICS OF MOTHERS IN THE YEARS OF 1993,1994,1995,1996 AND 1993-1996(SECTION 5.4)

1993
Maternal Characteristics
Total Number of Births
BirthsJess than 2500 grams
Births_more than 2500 grams
White Mothers
Black Mothers
Other Race Mothers
Multiracial Mothers
Age less than 20
Age between 20 and 29
Age between 30 and 39
Age 40 and above
Married Mothers
Unmarried Mothers
EducationJess than 12 years
Education. 12 years and more
Gestation weeksJess than 37
Gestation weeks. 37 and more
Total Prenatal Visit less than 9
Total Prenatal Visit 9 and more
Birth Multiple .One birth
Birth Multiple .more than one
Alcohol Use.Yes
Alcohol Use.No
Tobacco Use.Yes
Tobacco Use.No

Case
6392
628
5764
3258
2998
116
20
923
3509
1872
88
3882
2510
1242
5150
696
5696
1201
5191
6228
164
72
6320
538
5854

1994
%
100.00
9.82
90.18
50.97
46.90
1.81
0.31
14.44
54.90
29.29
1.38
60.73
39.27
19.43
80.57
10.89
89.11
18.79
81.21
97.43
2.57
1.13
98.87
8.42
91.58

1996

1995

Case
%_ Case
6162 100.00 5158
650
10.55 560
5512 89.45 4598
3089 50.13 2557
2933 47.60 2475
131
2.13 120
9
0.15
6
924
15.00 778
3307 53.67 2753
1855 30.10 1555
76
1.23
72
3658 59.36 3094
2504 40.64 2064
1136 18.44 930
5026 81.56 4228
708
11.49 610
5454 88.51 4548
1009 16.37 741
5153 83.63 4417
5987 97.16 5001
175
2.84 157
1.23
76
51
6086 98.77 5107
478
7.76 371
5684 92.24 4787

%
100.00
10.86
89.14
49.57
47.98
2.33
0.12
15.08
53.37
30.15
1.40
59.98
40.02
18.03
81.97
11.83
88.17
14.37
85.63
96.96
3.04
0.99
99.01
7.19
92.81

Case
%
5111 100.00
520 10.17
4591 89.83
869 17.00
2666 52.16
1502 29.39
74
1.45
869 17.00
2666 52.16
1502 29.39
74
1.45
2920 57.13
2191 42.87
1012 19.80
4099 80.20
569 11.13
4542 88.87
797 15.59
4314 84.41
4981 97.46
130
2.54
53
1.04
5058 98.96
351
6.87
4760 93.13

1993-1996
Case
21997
2280
19717
10820
10654
482
41
3386
11781
6529
301
13029
8968
4163
17834
2482
19515
3603
18394
21398
599
237
21760
1164
20333

%
100.00
10.37
89.63
49.19
48.43
2.19
0.19
15.39
53.56
29.68
1.37
59.23
40.77
18.93
81.07
11.28
88.72
16.38
83.62
97.28
2.72
1.08
98.92
5.29
92.44
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APPENDIX J: AGE-ADJUSTED CANCER MORTALITY RATES (PROSTATE CANCER BY RACE AND SEX) AT CENSUS TRACT AND
BLOCK GROUP SCALES (SECTION 6.1.3 AND SECTION 6.1.4)

r
M
CO
O

Age-adjusted White Male Prostate Cancer
Tract Scale

Age-adjusted Black Male Prostate Cancer
Tract Scale

|
H

[
| Less than 56.78 (<0 Std. Dev.)
H i 56.78-169.74 (0 -1 Std. Dev.)
169.74-282.7 (1 - 2 Std. Dev.)
282.7-395.66 (2 • 3 Std. Dev.)
More than 395.66 (> 3 Std. Dev.)

I Less than 49.29 (<0 Std. Dev.)
49.29-115.62 (0 -1 Std. Dev.)
115.82-162.36 (1 - 2 Std. Dev.)
i 182.36-248.9 (2 • 3 Std. Dev.)
More than 248.9 (> 3 Std. Dev.)

HI
H

H

HI
HI

Hi

Figure J.1. Prostate Cancer Mortality Rates by Race and Census Tract
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APPENDIX J continued.

ro
co

Age-adjusted White Male Prostate Cancer
Block Group Scale
1 | Less than 20.6 (<0 Std. Dev.)
■ I 20.6-90.03 (0 -1 Std. Dev.)
H 90.03-159.46 (1 - 2 Std. Dev.)
■ ■ 159.46-228.89 (2 - 3 Std. Dev.)
H I More than 228.89 (> 3 Std. Dev.)

Age-adjusted Black Male Prostate Cancer
Block Group Scale
Less than 21.15 (<0 Std. Dev.)
21.15-105.55 (0 -1 Std. Dev.)
105.55-189.96 (1-2 Std. Dev.)
189.96-274.36 (2 - 3 Std. Dev.)
More than 274.36 (> 3 Std. Dev.)

H

Figure J.2. Prostate Cancer Mortality Rates by Race and Census Block Group
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APPENDIX K: AGE-ADJUSTED CANCER MORTALITY RATES (BREAST CANCER BY RACE AND SEX) AT CENSUS TRACT AND BLOCK
GROUP SCALES (SECTION 6.1.5 AND SECTION 6.1.6)

X
ro
oo
ro

Age-adjusted White Female Breast Cancer
Census Tracts

Age-adjusted BlackFemale Breast Cancer
Census Tract Scale

J Less than 45.37 (<0 Std. Dev.)
■ i 45.37-104.75 (0 -1 Std. Dev.)
■ 1 104.75-164.13 (1 • 2 Std. Dev.)
■
164.13-223.51 (2 - 3 Std. Dev.)
H i More than 223.51 (> 3 Std. Dev.)

I J Less than 43.028 (<0 Std. Dev.)
m 43.028-126.323 (0 -1 Std. Dev.)
126.323-209.618 (1 - 2 Std. Dev.)
1209.618-292.913 (2 - 3 Std. Dev.)
More than 292.913 (> 3 Std. Dev.)

j

Figure K.1. Female Breast Cancer Mortality Rates by Race and Census Tract
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to
oo
W

Age-adjusted White Female Breast Cancer
Block Group Scale

H

Less than 29.132 (< 0 Std. Dev.)
29.132-105.222 (0-1 Std. Dev.)
105.22-181.313 (1-2 Std. Dev.)
181.313-257.404 (2 - 3 Std. Dev.)
More than 257.404 (> 3 Std. Dev.)

Age-adjusted Black Female Cancer
Block Group Scale

g

Figure K.2. Female Breast Cancer Mortality by Race and Census Block Group

Less than 22.252 (<0 Std. Dev.)
22.252-97.008 (0 -1 Std. Dev.)
97.008-171.764 (1 - 2 Std. Dev.)
171.764-248.52 (2 - 3 Std. Dev.)
More than 246.52 (> 3 Std. Dev.)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

APPENDIX L: AGE-ADJUSTED CANCER MORTALITY RATES (PANCREATIC CANCER BY RACE AND SEX) AT CENSUS TRACT AND
BLOCK GROUP SCALES (SECTION 6.1.7 AND SECTION 6.1.8)

N)
2

Age-adjusted Black Male Pancreatic Cancer
Census Tract
Age-adjusted White Male Pancreatic Cancer
Census Tract
Less than 35.752 (<0 Std. Dev.)
35.752-91.072 ( 0 - 1 Std. Dev.)
H i 91.072-146.391 (1 - 2 Std. Dev.)
H
146.391-201.714 (2 - 3 Std. Dev.)
M
More than 201.714 (> 3 Std. Dev.)

H

|

| Less than 25.846 (<0 Std. Dev.)

H I 25 846' 107.522 (0 • 1 Std. Dev.)
H
107.522-189.199 (1 - 2 Std. Dev.)
H
189.199-270.875 (2 - 3 Std. Dev.)
Wm More than 270.875 (> 3 Std. Dev.)

Figure L.1. Pancreatic Cancer Mortality Rates for Males by Race and Census Tract
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APPENDIX L continued.

s
in

Age-adjusted White Male Pancreatic Cancer
Census Block Group

H

Less than 19.889 (<0 Std. Dev.)
19.889 - 86.36 (0-1 Std. Dev.)
86.36-152.832 ( 1 - 2 Std. Dev.)
152.832 - 219.304 (2- 3 Std. Dev.)
More than 219.304 (> 3 Std. Dev.)

Age-adjusted Black Male Pancreatic Cancer
Census Block Groups
I

| Less than 5.671 (<0 Std. Dev.)
5.671-45.193 (0 -1 Std. Dev.)
| 45.193-84.715 ( 1 - 2 Std. Dev.)
84.715-124,237 (2 - 3 Std. Dev.)
| More than 124.237 (> 3 Std. Dev.)

Figure L.2. Pancreatic Cancer Mortality Rates For Males by Race and Census Block Group
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APPENDIX L continued.

Age-adjusted White Female Pancreatic Cancer
Census Tract

B

Less than 27.819 (< 0 Std. Dev.)
27.819-78.006 (0-1 Std. Dev.)
78.076-128.193 (1 - 2 Std. Dev.)
128.193-178.379 (2 - 3 Std. Dev.)
More than 178.379 (> 3 Std. Dev.)

Age-adjusted Black Female Pancreatic Cancer
Census Tract
I

| Less than 19.649 (< 0 Std. Dev.)
19.649-72.782 (0 -1 Std. Dev.)
172.782 -125.914 (1 - 2 Std. Dev.)
125.914 -179.046 (2 - 3 Std. Dev.)
More than 179.046 (> 3 Std. Dev.)

Figure L.3. Pancreatic Cancer Mortality Rates For Females by Race and Census Tract

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

APPENDIX L continued.

to
00
"J

Age-adjusted White Female Pancreatic Cancer
Census Block Group

Age-adjusted Black Female Pancreatic Cancer
Census Block Group

|
| Less than 4.674 (<0 Std. Dev.)
H
4.674-24.409 (0 • 1 Std. Dev.)
H
24 409 * 44145 (1 - 2 Std. Dev.)
■ I 44.145-63.881 (2 - 3 Std. Dev.)
M M More than 63.881 (> 3 Std. Dev.)

I

I Less than 10.301 (<0 Std. Dev.)

■ I 10 301' 74 761 ( ° ' 1 S,d Dev >

H
74.761-139.221 (1 - 2 Std. Dev.)
■ 1 139.221-203.681 (2 • 3 Std. Dev.)
| B I More than 203.681 (> 3 Std. Dev.)

Figure L.4. Pancreatic Cancer Mortality Rates for Females by Race and Census Block Group
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APPENDIX M: AGE-ADJUSTED CANCER MORTALITY RATES (COLON CANCER BY RACE AND SEX) AT CENSUS TRACT AND BLOCK
GROUP SCALES (SECTION 6.1.9 AND SECTION 6.1.10)

N)

09
09

Age-adjusted Black Male Colon Cancer
Census Tract
I | Less than 23.963 (<0 Std. Dev.)
■ I 23.963-91.022 (0 -1 Std. Dev.)
■ i 91.022-156.082 (1 • 2 Std. Dev.)
■ 1 158.082-225.141 (2 - 3 Std. Dev.)
H More than 225.141 (> 3 Std. Dev.)

Age-adjusted White Male Colon Cancer
Census Tract
I | Less than 21.252 (<0 Std. Dev.)
■ I 21.252-52.599 (0 -1 Std. Dev.)
H 52.599-83.945 (1 - 2 Std. Dev.)
H 83.945-115.292 (2 - 3 Std. Dev.)
WM More than 115.292 (> 3 Std. Dev.)

Figure M.1. Colon Cancer Mortality Rates for Males by Race and Census Tract

APPENDIX M continued.

Age-adjusted Black Male Colon Cancer
Census Blockgroup
|
| Less than 8.496 (<0 Std. Dev.)
■ i B.496-58.228 (0 -1 Std. Dev.)
58.228-107.959 (1 - 2 Std. Dev.)
107.959-157.69 (2 - 3 Std, Dev.)
I More than 157.69 {> 3 Std. Dev.)

Age-adjusted White Male Colon Cancer
Census Block Group
Less than 11.193 (<0 Std. Dev.)
11.193-47.865(0-1 Std. Dev.)
47.865-64.538 ( 1 - 2 Std. Dev.)
84.538-121.21 ( 2 - 3 Std. Dev.)
More than 121.21 (> 3 Std. Dev.)

Figure M.2. Colon Cancer Mortality Rates for Males by Race and Census Block Group
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APPENDIX M continued.

ro
tf>
o

Age-adjusted White Female Colon Cancer
Census Tract
I | Less than 69.641 (<0 Std. Dev.)
B 69.641-144.03 (0 - 1 Std. Dev.)
■ 1 144.03 -218.418 (1 - 2 Std. Dev.)
■ ■ 218.418-292.806 (2 - 3 Std. Dev.)
■ ■ More than 292.806 (> 3 Std. Dev.)

Age-adjusted Black Female Colon Cancer
Census Tract
| | Less than 30.52 (<0 Std. Dev.)
■ I 30.52-117.63 (0 - 1 Std. Dev.)
117.63-204.74 (1 - 2 Std. Dev.)
■ I 204.74-291.85 (2 - 3 Std. Dev.)
More than 291.85 (> 3 Std. Dev.)

Figure M.3. Colon Cancer Mortality Rates for Female by Race and Census Tract
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APPENDIX M continued.

ro
<o

Age-adjusted Black Female Colon Cancer
Census Block Group
I 1Less than 7.81 (<0 Std. Dev.)
■ I 7.81-45.514 (0 -1 Std. Dev.)
|45.514-83.218(1 -2 Std. Dev.)
183.218-120.922 (2 - 3 Std. Dev.)
| More than 120.922 (> 3 Std. Dev.)

Age-adjusted White Female Colon Cancer
Census Block Group
I | Less than 12.171 (<0 Std. Dev.)
■ 1 12.171-49.858 (0 -1 Std. Dev.)
■ i 49.858-87.544 (1-2 Std. Dev.)
187.544-125.231 (2 - 3 Std. Dev.)
j More than 125.231 (> 3 Std. Dev.)

Figure M.4. Colon Cancer Mortality Rates for Females by Race and Census Block Group

APPENDIX N : SPATIAL AUTOCORRELATION (STANDARDIZED I VALUES) AMONG
NEIGHBORS FOR CANCER MORTALITYBY TRACT AND BLOCK GROUP(SECTION 6.2)
Spatial Autocorrelation (Standardized I values) Among Neighbors by Tract
Cancer Sites
A ll Sites

Race/Sex

1

2

3

4

5

6

7

Black Female
W hite Female
Black M ale
W hite M ale

-0.6979
-0.9854
-1.3814
-0.7599

0.3761
-0.2646
1.7338
-0.9876

0.6754
1.8892
0.497
1.9606

-0.3443
02276
-02374
-1.4182

-0 2 0 2
02276
-0.719
-0.35

-0.0938
0.8955
1.1302
1.1182

-0.3687
0.1438
-0.0038
0.999

Black Female
W hite Female

-0.1748
-0.9787

0.1611
0.1036

0.4819
0.602

-0.1058
0.3224

-0.582
-0.402

0.0891
0.7573

0.0925
0.1892

Black Female
W hite Female
Black M ale
W hite M ale

0.7617
0.2182
-0.775 i
-0.7555

-0.2047
-0.7901
0.8044
-0.6187

-0221
1.1864
0.1235
1.6405

-0.9208
0.8176
0.0351
-02008

2.0868
0.1735
-0.864
-1.07

-0.0564
-0.1438
2.1616
0.1531

-0.6507
-0.3679
-0.2431
-0.2609

Black Female
W hite Female
Black M ale
W hite M ale

-0.5159
-0.3628
•1.1618
-0.5491

0.8
-1.0794

0.3574

0.1277
-1.1192

2.5461
-0.923
1.4592

-0.3997
-1.0041
1.0457
0.3924

0.3176
-2.302
-0.081
0.0052

0.0406
2271
0.3794
0.0428

0.1596
0.728
0.1052
-1.6232

Black Female
W hite Female
Black M ale
W hite M ale

-0.0353
-2.0155
-1.205
-0.6991

-1.0141
0.5455
-1.0489
-0.0629

0.9739
-0.385
-0.053
1.4139

-1.039
0.4959
12489
0.4046

0.9056
0.3912
0.3885
0.8287

-02764
0.0772
-0.6025
0.0382

-0.312
0.3986
0.305
0.3333

Black M ale
W hite M ale

-0.7327
-1.9683

-0.6457
0.6597

0.1239
-0.157

0.9755
0.5288

-0.184
-0.667

-0.6526
0.6567

0.3722
0.963

Breast

Lung

Colon

Pancreatic

Prostate

Standardized I Value by Normalization method; numbers 1-7 represent the neighbors from
first order to seventh order
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APPENDIX N continued.
Spatial Autocorrelation (Standardized I values) Among Neighbors by Block Group:
Cancer Sites
A ll Sites

Race/Sex

1

2

3

4

5

6

Black Female
W h ite Female
Black M ale
W h ite M ale

-0.8361
1.6464
0.5173
-0.4476

1.7394
-1.5961
-0.8059
0.405

-0.2785
0.618
1.5793
0.3299

0.2794
0.0463
-0.046
1.3803

0.0031
1.1812
0.5658
0.1222

03313
1.8157
-0.0133
0.8892

Black Female
W h ite Female

1.3887
0.9534

-0.4
2.1641

-1.9462
0.6523

0.9012
-1.5209

2.4097
-1.8847

-2.1759
0.1369

Black Female
W h ite Female
Black M ale
W h ite M ale

1.5315
0.3715
2.471
2.4183

1.0699
034 5 6
2.7661
0.3455

-2.0043
-0.5524
-0.0415
13721

0.5341
0.8571
-1.183
1.3148

-0.1316
-0.6324
•0.6082
-0.5994

-0.9343
-0 3 2 9 8
•0.8366
-1.0569

Black Female
W h ite Female
Black M ale
W h ite M ale

1.7511
-0.1029
-0.0464
0.0629

-1.1876
-0.5753
-0.216
0.3012

-1.2938
0.4378

0.5968
0.8114

-0.0395
0.2032

0.4616
0.1108

1.3094
•0.8826
03154
-0.0474

0346
1.6456
0.2298
0.0314

Black Female
W h ite Female
Black M ale
W hite M ale

0.4454
-0.1891
13112
-0.1095

0.1944
-0.0472
0.0181
0.3828

-0.0743
-0.046
0.0742
0.2577

-0.019
-0.0837
•0.4806
-0.104

0.0445
0.6538
-0.0606
-0.0461

-0.175
0392
0.0587
0.3012

Black M ale
W hite M ale

-0.4512
-1.0707

0.44
0.0676

-0.4616
-0.8013

0.3762
03821

0.7227
1.5876

-0.5253
0.8354

Breast

Lung

Colon

Pancreatic

Prostate

Standardized I Value by Normalization method; numbers 1-6 represent the neighbors from
first order to sixth order
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